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v. 

The  PQT-G  generally  confirmed  that  FAMECE  meets  or  is  capable  of  meeting  most 
criteria  established  in  the  MN  (Materiel  Need),  the  detailed  test  plans,  or 
other  standards.  With  few  exceptions,  FAMECE  was  subjected  to  the  testing  as 
prescribed  by  the  test  plan.  In  other  cases,  testing  and  the  corresponding 
results  were  adversely  affected  by  such  variables  as  weather  conditions  and 
operator  experience.  The  following  tests  were  conducted:  
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} Rail  transportability.  Each  of  the  eight  typeB  of  FAMECE  work  sections  In  com- 
bination with  a power  section  was  rail-impact  tested.  Inspection  and  further 
vehicle  testing  revealed  no  failure  or  damage  attributable  to  the  rail  test. 

The  criterion  that  states  FAMECE  be  designed  to  withstand  the  shock  and  vibra- 
tion of  a rail  Impact  (hump)  was  met.  The  criterion  specifying  that  minimal 
disassembly  was  essential  In  order  to  prepare  the  vehicles  for  rail  shipment 
was  also  met. 

1 Highway  transportability.  Actual  movement  by  highway  between  test  sites,  In 
lieu  of  testing, revealed  no  resulting  vehicle  damage.  However,  the  overall 
vehicle  shipping  widths  exceeded  the  allowable  limits  In  49  states;  the  cri- 
terion Is  met  but  the  overwidth  condition  restricts  travel  with  respect  to 
state  law. 

■•Marine  transportability;  Observations  and  results  of  other  tests  indicate  that 
the  criterion  Is  met. 

Endurance.  Testing  results  were  generally  in  compliance  with  MN  criteria. 

Fuel  and  oil  consumption  was  normal;  some  infrequent  coupling  problems  were 
experienced  because  of  dirt  In  the  mechanism;  some  incidents  and  minor  vehicle 
damage  were  recorded  resulting  from  operator  errors.  In  addition,  visibility 
and  light  illumination  presented  some  problems  to  operators  of  the  dorer, 
dumper,  and  grader. 

-Safety:  With  certain  exceptions,  the  criterion  requiring  FAMECE  to  be  designed 
according  to  safety  engineering  principles  was  met. 

.•  Human  factors^ observations  revealed  minor  problems  with  some  control  locations, 
display,  or  visibility.  Noise  levels  exceeded  those  allowable  levels  specified 
in  MIL-STD-1474A,  thus  requiring  the  use  of  hearing  protection  by  on-board  per- 
sonnel. Overall  FAMECE  design  generally  conforms  to  criteria. 

, 

Maintainability,  characteristics  were  found  to  be  generally  acceptable. 

•Reliability  and  durability.  At  the  MERADCOM  Test  Area,  approximately  6,000 
test  hours  were  logged;  139  ^mission  failures  were  reported.  For  the  total 
vehicles  tested,  the  resulting  MTBF  was  43  hours.  The  resulting  10-hour  mis- 
sion reliability  for  the  total  vehicles  tested  was  0.79. 
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SUMMARY  OF  RESULTS 


The  results  of  the  PQT-G  generally  confirmed  that 
FAMECE  meets  most  criteria  established  in  the  Materiel  Need 
(MN) , the  detailed  test  plans,  or  other  tandards.  With 
few  exceptions,  FAMECE  was  subjected  to  the  testing  as 
prescribed.  In  other  cases,  testing  and  the  corresponding 
results  were  adversely  affected  by  such  variables  as  weather 
conditions  and  operator  experience.  It  was  also  necessary  to 
suspend  PQT-G  prior  to  completion  of  the  total  scheduled  test 
hours . 

• Rail  transportability  testing  resulted  in  a minor  weld 
failure  with  no  damage  to  the  vehicle.  Each  vehicle 
started  afterwards  and  was  driven  away. 

• Highway  transportability  testing  revealed  no  resulting 
vehicle  damage.  However,  the  overall  vehicle  shipping 
widths  exceeded  the  allowable  limits  in  49  states. 

• Marine  transportability  testing  was  not  conducted  in 
the  prescribed  manner  since  PQT-G  was  terminated. 

• Endurance  testing  results  were  generally  in  compliance 
with  MN  requirements.  Fuel  and  oil  consumption  was 
normal;  some  infrequent  coupling  problems  were 
experienced  because  of  dirt  in  the  mechanism;  some 
incidents  and  minor  vehicle  damage  were  recorded 
resulting  from  operator  errors.  In  addition,  visibility 
or  lighting  presented  some  problems  to  operators  of 

the  dozer,  dumper,  and  grader. 

• Safety  analysis,  based  on  test  observations  and 
equipment  performance,  revealed  certain  deficiencies 
and  shortcomings  requiring  correction 

• Human  factors  observations  revealed  minor  problems 
with  some  control  locations,  display,  or  visibility. 
Noise  levels  exceeded  those  allowable  levels  specified 
in  MIL-STD-1474A.  In  addition,  some  difficulties  or 
hazards  were  encountered  by  operators  during  ingress/ 
egress,  normal  operations,  coupling/uncoupling,  and 
maintenance . 

• Maintainability  characteristics  were  found  to  be 
generally  acceptable.  Some  design  characteristics  and 
components  adversely  affected  maintenance  and  supply 
requirements.  A requirement  for  additional  special 
tools  was  established. 


• Reliability  and  durability.  At  the  MKRADCOM  Tost  Area, 
a total  ot  6,066  test  Hours  wore  logged  during  t ho 
August  1977  to  March  1978  test  period.  119.2S  mission 
failures  with  the  mission  criticality  factor  applied 
were  reported  by  the  FAMECE  scorinq  conference.  For 
the  total  of  vehicles  tested,  the  resulting  MTBF  was 

43  hours.  The  criteria  stated  that  the  MTBF  ^ mid  be 
comparable  to  existing  military  construction  equipment. 
This  parameter  is  to  be  determined  by  TRADOC . The 
resulting  10-hour  mission  reliability,  considering 
mission  criticality  factors,  for  the  total  vehicles 
tested  was  .79. 

The  durability  parameters  are  not  presented;  durability 
failures  have  not  been  identified  by  the  FAMECE  scoring 
conference . 

• Initial  and  finaL  inspection  revealed  several  required 
maintenance  actions  which  were  deferred  until  after 
testing . 
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METRIC  CONVERSION  FACTORS 

Approximate  Conversions  to  Metric  Measure* 
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When  You  Know 

Multiply  by 

To  Find 

Symbol 

LENGTH 

in 

inches 

‘2.b 

i entimeters 

cm 

ft 

f««*t 

30 

centimeters 

cm 

yil 

yards 

0.9 

meters 

m 

mi 

mi  les 

1.6 

Kilometer  s 

km 



area 

,ns 

square  inches 

6.6 

square  centimeters 

cm 

square  feel 
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square  meter* 

vd^ 

square  yards 
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square  meters 

mJ 

mi‘ 

square  miles 
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square  Kilometer v 

km^ 

acres 
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bev  tares 

ba 



MASS  (weight) 

0/ 

ounces 

28 

K»ams 
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lb 

pounds 
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Kilogram* 

kg 
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metric  ton* 
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l?000  lb) 
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VOIUME 

tsp 

tr»aspoi>ns 
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milliliters 

ml 

Tbsp 

lablrspiKjns 

1b 

milliliters 

ml 

11  Ql 

fluid  00m  ns 
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milliliters 

ml 
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Cups 
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liter  s 
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pt 

pints 
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liters 
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qt 

quarts 

0.9b 

liters 
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gal 

gallons 
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liter  s 
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ttJ 

Cubic  feet 
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cub'i  meter* 

m1 

yd1 
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m3 

TEMPERATURE  (exact) 

°F 
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Celsius 
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lempur  alurr* 
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tl'iliprl.lturt* 

3?) 
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FAMILY  OF  MILITARY  ENGINEER  CONSTRUCTION  EQUIPMENT  (FAMECE) 
PROTOTYPE  QUALIFICATION  TEST-GOVERNMENT  (PQT-G) 

TEST  REPORT 


1.  INTRODUCTION 


1 . 1 BACKGROUND 

The  following  general  background  information  is  from 
paragraph  6 of  the  revised  MN  (ED)  (QMR) . 

US  Army  operational  concepts  for  the  1975 
to  1985  time  period  envision  strategic 
forces  which  are  quickly  deployed  to  any 
part  of  the  world.  Although  general  war 
is  possible,  it  is  more  probable  that  the 
US  Army  must  conduct  land  operations  in 
undeveloped  areas,  areas  which  will  empha- 
size the  need  for  major  and  expedited  base 
construction.  Further,  it  is  envisioned 
that  within  the  area  of  operations,  the  US 
Army  tactical  operations  will  be  typified 
by  highly  mobile  ground  forces  utilizing 
an  increased  number  of  aircraft  for  trans- 
porting troops,  equipment,  and  logistical 
supplies.  These  concepts  will  require 
engineer  units  to  move  and  construct  air 
landing  facilities,  ports,  bases,  and 
routes  of  communication  in  support  of 
ground  operations  more  rapidly  than  in  the 
past.  In  addition,  the  increased  use  of 
air  lines  of  communication  will  generate  a 
corresponding  increase  for  the  rapid  con- 
struction of  air  landing  facilities  and 
associated  supply  handling  and  storage 
complexes.  Reference  is  made  to  letter 
FOR  DS  SSS , Assistant  Chief  of  Staff  for 
Force  Development,  Department  of  the  Army, 

9 July  1965,  wherein  the  policy  was  estab- 
lished for  the  reduction  in  size  and 
weight  of  equipment  for  the  US  Army.  The 
majority  ofvexisting  military  earthmoving 
construction  equipment  is  too  heavy  and 
cumbersome  to  be  air  dropped,  lifted  by 
helicopters,  or  even  air  transported  in 
some  cases.  Road  speeds  are  generally  far 


bo low  convoy  speed  while  many  items  ol 
equipment  must  be  transported  on  trailers. 

Few  provide  for  rapid  chanqinq  of  the  con- 
struct ion  task  capability.  Consequently, 
a family  of  construction  equipment  must  be 
developed  that  is  liqhter  in  weight  witli  a 
high  work  capacity,  capable  of  being  para- 
chute delivered  and  airlifted  by  helicop- 
ters, utilizes  a standard  power  section,  * 

provides  construction  flexibility,  and  is 
capable  of  satisfying  the  construction 
equipment  requirements  ot  airborne,  air- 
mobile, and  the  many  conventional  divi-  j 

sional  and  nondi visional  combat  engineer 
units.  The  development  of  this  family  of 
engineer  construction  equipment  utilizing 
high-density  standard  power  section  com- 
ponents and  proven  construction  work  sec- 
tion components  is  both  economical  and 
practical  and  will  overcome,  to  a large 
degree,  the  severe  logistical  burden  of 
supplying  repair  parts  to  a multitude  of 
makes  and  models  or  existing  military  con- 
struction equipment.  Further,  use  of  a 
standard  power  section  will  significantly 
reduce  maintenance  and  operator  training 
requirements  and  make  engineer  equipment 
more  compatible  with  Army  maintenance 
capabi 1 i t ies . 

The  FAMECE  program  was  initiated  and  successfully  passed 
through  its  Conceptual  Phase  and  into  the  Demonstration  and 
Validation  Phase.  A joint  Development  Test  (DT)  1 and 
Operational  Test  (OT)  l on  two  competing  contractor  versions 
of  the  scraper  and  urader  vehicles  was  conducted  by  APG, 

USAARENBD,  TRADOC,  and  USACEBD  personnel  at  APG  from  30 
November  1973  to  20  August  1974.  The  results  of  the  APG 
Engineering  Phase  of  the  program  are  documented  in  Appendix 
XV 1 1 of  Report  APG-MT-4528,  September  1974. 

Clark  Equipment  Company  (CEC)  emerged  from  the  Valida- 
tion  Phase  competition  as  the  successful  contractor  for  the 
Full-Scale  Development  (FSD)  Phase.  Two  early  prototypes 
(loader  and  dumper)  wore  manufactured  and  specific  perform- 
ance and  endurance  testing  conducted  as  part  of  Research  and 
Development  Acceptance  Testing  (RDAT) . The  loader  and  * 

dumper  were  then  transferred  to  Yuma  Proving  Grounds  for 
environmental  and  air-drop  testing  in  September  1977. 
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In  danoo  with  inn  iont  S 1 PTO  polioy,  Fnmni'oi 

Pi'iiivjn  Tosts  ot  tin1  PSP  PAMIVP  voliu'los  wino  oonduotod  h\ 

CIV  .it  t hi*  1 1 Mi'ii  tv'n  ll.ulvi  , Mi  oh i nan » tnoilitios  ! i om  Sop- 
toniboi  1 ’t>  tv'  Ni'Vi'mbv't  1 '•  ' ' . Om  uivi  theso  tosts,  t ho  i o- 
viiuii'vi  PT  II  tPPT'  po  i t v'rnuiniv  and  pi oduot i v i t y vi.it.i  woio 
vionoi  at  v'v.1 . PAKCOM  i'll  10  iVtohoi  vliii'oti'vi  MPRAPOOM  tv' 

conduct  PT  11  l\'T-C  .it  Fv'i  t Mol  voir,  Vi  ruin  m.  In  .«  sul'Sv'- 
viuont  lott.'t,  July  DA  ROOM  statod  that  TPOOM  w.'uhi 

bo  responsible  for  t ho  oonvluot  v't  t ho  touts  atul  that  t ho 
tosts  would  ho  aeooropl l shod  m tlu'  same  Buiinot  as  tv'stinv.  at 
v'tii'  v't  tlu'  TFCOM  snl'v'i  vl  i na  t o installations.  TIW'M,  in  let- 
ti'i  PKSTF-AR  viati'.l  1 Mat  oh  l ''  ‘ ’ , tuithoi  ditootod  A PC  tv' 
mom  tot  ami  assoss  t ho  adequacy  v'l  t ho  tosts  conduct  ovi  hy 
MI'RAPi’i'M . 

In  a viili  t ion  tv'  t wo  o.u  Iv-on  pt  ot  v't  yi'i'S  tdumpot  aiivi 
lo.ivioi  work  sov't  iv'ns  atui  pv'woi  soot  li'iis',  v'lV  has  mamitao- 
t Uii'vl  1 ' powoi  sov'tiv'tis  aiivi  14  work  soot  R'tis  tot  tv'St  in.i, 
oonduotovl  RPAT  at  thoii  taoility,  aiivi  l opv'i  t Ovi  t ho  tost  to- 
sults  tv'  t ho  Pro  loot  Man.uioi  's  v't  t n'o  tPMOt . nooinnitm  m 
duly  tlu'  PAMIA'P  ti'st  vohn'los  woi  o t i ansloi  i Ovi  tv' 

MFRAPCOM  t.'i  POT . Aftoi  t ho  POT  was  suspended  v'ti  1 ’ Mail'll 
ll'7R,  t ho  tost  i*t  i'iiis  woio  inspooti'vi  ativi  repaired  tv'  si'ivu-o- 
ablo  condition  for  OT  at  Fort  Mrnoii,  Nv'i  t h v’aiv'lina.  As  a 
result  v't  POT  ami  o.u  lioi  tost  m.i,  t ho  oont  raot  oi  piv'vidod  a 
numhot  v't  modi  t ioat  ions , win  oh  woio  iv,.ivlo  pilot  tv'  OT . 

1.2  PI'S  OR  l PT  1 ON  OP  MAT  PR  1 1‘1 . 

The  PAMP.OP  is  a soot  ional  i *.ed  , at  t i on  1 at  od-  oi  hinno- 
stoorino,  pneumaf i c-t i ro , oarthmovinn  svstoiii  tv'  ho  usi'vi  hy 
aivbovno,  airmohilo,  ami  v'thv'i  v'v'tiihat  otivimooi  units  tv'  ao- 
oonipl  rsh  v'onst  i uot  iv'ii  tasks  utnioi  vary  uni  ol  iinat  io  oondi- 
t ions  from  arotio  tv'  tropic,  v'vot  typioal  tovvain,  in  all 
theators  v't  oporat  iv'ii,  ami  durum  davlioht  oi  at  niuht.  The 
systom  v'v'nsists  v't  v'iu'  standard  pv'woi  soot  ion  aiivi  several 
typos  v't  const  met  iv'ii  wv'i  k soot  ions.  I 'noli  vohiolo  v'v'nsists 
v't  a standard  powot  sov't  iv'ii  and  v'iu'  v't  t ho  tv'llowiiivi  con- 
st met  ion  wv'i  k soot  ions: 

a.  Pv'.'oi  v't  .'0 , 000-pv'umi-vit  awhat -pill  l oapaoity  with 
sonti-P  hi  ado  ami  h.iv'k-rip  Sv'.h  it  in  tooth  tV'touro 

h.  Poadi't  v't  .'0 , 000-pound-dt  awhat  -pul  l oapaoity  with 
mu  1 1 i soviniont  buokot  v't  .'-1  2-oubio-y.ii  vl  capum  t \ il'niui  o 1.2-2'. 

o . Sornpoi  v'l  1 0-oiibi o -yard  st  ruok  v'.ip.n'ity,  so  I t - 
loadino,  V'ut  a \ Sv'  oapahlo  v't  bo  mo  push- londod  b\  t hv'  viv'.-v'i 
I F i vim  o 1.2-3). 
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d.  Grader  with  side-shifting,  13-foot  blade  and  remov- 
able scarifier  (Figure  1.2-4). 

e.  Dumper  of  10-ton  capacity  capable  of  hauling  troops 
and  general  cargo  (Figure  1.2-5). 

f.  Pneumatic-Tire  Tamping-Foot  Compactor  (T.F.  Compac- 
tor) capable  of  compacting  at  a minimum  speed  of  7 . r>  mi  h 
(Figure  1.2-6)  . 


g.  Pneumat  i c-T  i_re  Smooth-Drum  Vibratory  Compactor  (S.D. 
CompactorT  capable  of  exerting  compaction  pressures  up  to 
150  pounds  per  linear  inch  of  roller  width  (Figure  1.2-7). 

h.  Distributor , 2500-gallon  capacity,  capable  of 
spraying  water  35  feet  from  the  spray  head  and  in  a pattern 
up  to  70  feet  in  width  (Figure  1.2-8). 

The  standard  power  section  is  compatible  with  and  adapt- 
able to  the  construction  work  sections  for  construction 
tasks  such  as  loading,  excavating,  grubbing,  dozing,  scrap- 
ing, hauling,  grading,  dumping,  spreading,  and  soil  compac- 
tion. Each  power  section  and  construction  work  section  is 
capable  of  being  airlifted  as  a separate  load  by  Cll-47  Army 
medium-lift  helicopters  of  the  1975  time  frame.  A complete 
vehicle  is  capable  of  being  transported  as  an  internal  load 
and  air  dropped  from  IS  Air  Force  aircraft  (C-130,  C-141,  and 
C-5A) . Each  standard  power  sect  ion  and  construction  work 
section  is  provided  with  lifting  and  tiedown  devices  to  per- 
mit worldwide  movement  by  highway,  rail,  ocean,  amphibious, 
and  inland-waterway  carriers  with  no  (or  a minimum  of)  dis- 
assembly . 

Table  1.2-1  shows  the  test  items  received  and  hours  of 
test  at  MERADCOM.  Once  coupled,  each  combination  of  power 
section  and  work  section  remained  as  one  vehicle  for  the 
duration  of  the  test. 

1.3  TEST  OBJECTIVES 


The  objectives  of  the  MERADCOM  tests  were:  to  measure 
the  degree  of  compliance  witli  the  criteria  detailed  in  the 
revised  MN,  to  measure  and  analyze  the  performance  of  the 
FSD  test  items,  and  to  address  the  critical  issues  stated  by 
DA  in  the  FAMECE  Program  memorandum  which  were  included  in 
the  AMSAA  test  design  plan.  The  following  were  identified 
as  critical  test  areas  for  DT  IT: 
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Figure  1.2-5.  FAMECE  vehicle  uncoupled  into 
dumper  work  section  and  power  section. 


Not  tested  at  MERADCOM 


a.  Do  the  FAMECE  vehicles  possess  satisfactory  RAM-D 
characteristics  or  do  they  demonstrate  satisfactory  progress 
toward  that  goal? 

b.  Can  the  FAMECE  vehicles  be  satisfactorily  air-trans- 
ported, air-dropped,  and  helicopter-lifted? 

c.  Do  the  FAMECE  vehicle  systems  (i.e.,  the  complete 
family  of  vehicles,  the  operators,  and  the  maintainers)  ex- 
hibit satisfactory  performance  in  areas  such  as: 

(1)  Coupling  and  uncoupling? 

(2)  Production  rates  (the  rate  at  which  the  vehicle 
works,  i.e.,  cubic  yards  per  hour)? 

(3)  Mobility  (hard-surf ace  and  cross-country)? 

(4)  Safety? 

(5)  Human  factors? 

d.  Can  the  FAMECE  perform  satisfactorily  in 
adverse  environments? 

In  addition  to  the  above  critical  issues,  it  was  essen- 
tial to  make  an  assessment  of  the  training  plan  for  opera- 
tors and  maintenance  personnel  for  DT  II,  since  this  plan 
will  form  the  basis  for  training  additional  personnel  (key 
personnel  and  operators).  Data  collected,  comments,  and 
proposed  corrective  action  on  readability  of  manuals  and 
instructions  were  evaluated,  and  the  need  for  special  train- 
ing equipment  was  determined. 

Similarly,  an  assessment  of  the  maintenance-support 
plan  was  made  to  determine  its  adequacy  and  compatibility 
with  existing  concepts  of  maintenance  support.  Spec i ( ica 1 ly , 
data  generated  concerning  scheduled  and  unscheduled  mainte- 
nance during  DT  (e.g.,  breakdowns,  times  to  repair,  parts 
consumption,  and  adequacy  of  tools  and  test  measurement  and 
diagnostic  equipment)  were  evaluated  with  regard  to  warranty 
requirements  and  other  limitations. 

MERADCOM  recognizes  that  all  of  the  critical  issues 
could  not  be  addressed  fully  in  DT  11,  but  the  results  should 
prove  important  to  the  IER.  In  addition,  MERADCOM,  follow- 
ing SIDTC  policy,  did  not  duplicate  prior  valid  contractor 
testing . 

1.4  SCOPE  OF  TESTING 

DT  II  provided  data  required  for  an  independent  evalua- 
tion of  the  state  of  the  FAMECE  program  at  the  end  of  the 
FSD  Phase.  This  evaluation  will  assist  the  Army  planners  in 


deciding  whether  the  FAMECE  should  enter  the  production 
phase.  With  time  and  cost  effectiveness  in  mind,  it  was 
determined  that  the  two  phases  of  the  FAMECE  DT  II  (i.e., 

EDT  and  PQT)  would  be  conducted  separately.  The  EDT,  or 
RDAT,  was  performed  by  CEC,  the  developer  contractor;  the 
POT  related  to  the  RAM-D  was  performed  by  MERADCOM.  Some  of 
the  air-drop  tests  were  conducted  concurrently  with  POT  at 
Yuma  Proving  Grounds  and  NARADCOM.  (The  remaining  air- 
transportabi  1 i ty  tests  will  be  conducted  by  the  Army  Avia- 
j tion  Communication  Electronics  Board  (ACE)  at  the  completion 

of  OT.)  POT  at  MERADCOM  was  performed  according  to  the  ap- 
proved test  plan  with  changes  during  the  test  coordinated 
with  the  FAMECE  TIWG  and  recorded.  The  actual  amount  of 
testing  at  MERADCOM  is  shown  in  Table  1.2-1.  Concurrent  with 
the  l’QT-G,  CEC  conducted  approximately  1200  hours  of  PQT-C 
at  their  Benton  Harbor,  Michigan,  test  site  involving  the 
dozer,  scraper,  and  grader  vehicles  (summarized  in  paragraph 
2.4).  The  contractor's  test  plan  was  extracted  from  the  ap- 
proved DTP  with  TECOM,  AMSAA , and  I'M  FAMECE  representatives 
onsite  monitoring  all  testing.  Incidents  were  reported 
using  the  CEC  FAMECE  Failure  Report  (FFR)  format  which  in- 
cludes the  same  information  as  the  DARCOM  EPR.  Maintenance 
actions  and  times  were  recorded  in  the  MERADCOM  MTL  format 
and  were  added  to  the  automated  data  base.  Contractor  input 
is  distinguished  from  MERADCOM  input  by  a notation  or  refer- 
ence to  FFR  in  the  printout  "remarks"  column.  A contractor 
test  report  addresses  results  of  the  l'OT-C  for  the  three 
test  items. 

1.4.1  Test  Spon sor 

At  DARCOM  direction,  MERADCOM  performed  the  PQT  in  a 
customer  relationship  with  the  PM,  FAMECE.  As  the  customer, 
the  PM,  FAMECE  provided  the  test  items,  program  funding, 
spares,  manuals,  and  special  tools.  The  PM  acted  as  the 
interface  between  MERADCOM  and  the  contractor  for  required 
technical  information  and  support. 

1.4.2  Prototype  Oua li f i cat  ion  Test  (POT) 

MERADCOM  prepared  the  POT  portion  of  the  DT  11  test 
plan,  conducted  the  planned  testing,  collected  and  processed 
data,  and  wrote  the  test  report.  As  directed  by  DARCOM,  a 
close  working  relationship  was  maintained  with  110  TECOM 
throughout  the  test  pro-  t am.  T’  • "OM  also  provided  an  onsite 
monitor  for  the  duration  of  ;V  est.  As  an  endurance  test, 
the  tests  were  conducted  in  : 'U-'.our  cycles.  Testing  within 
the  cycle  was  done  according  to  the  task  percentages  speci- 
fied in  the  MN  mission  profiles  and  according  to  Appendices 
111  to  X of  the  detailed  test  plans.  Although  the  test  was 
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suspended  before  the  total  planned  hours  accumulated  for 
some  FAMECE  vehicles,  the  cycles  allowed  for  some  testing  in 
each  functional  mode.  Actual  test  hours  are  recorded  in 
Table  1.2-1.  Additional  PQT-C  (testing)  on  some  work  sections, 
after  OT,  may  be  necessary  to  satisfy  all  original  test  plan 
regui rements . 

1.4.2.  I Test  Schedule 

Appendix  E contains  the  test  schedule. 

1 . 4 . 2 . 2 Tes  t l.ocat  ion 

The  POT  was  conducted  at  Fort  Bel voir,  Virginia;  the 
majority  of  the  test  was  performed  at  the  MERADCOM  Test  Area 
(see  Figure  2.1-1,  map).  Suitable  post  projects  within  Fort 
Belvoir  were  undertaken  when  the  project  provided  the  type 
of  task  called  out  in  the  mission  profile  of  this  test  plan 
and  allowed  adequate  test  control. 

1.4.3  Inspect  ion 


A receiving  and  initial  inspection  was  performed  on 
each  test  item  and  the  material  contained  in  the  MTSP  includ- 
ing manuals  and  spares.  The  receiving  inspection  was  per- 
formed for  the  purpose  of  determining  the  test  item's  condi- 
tion as  a result  of  transportation  from  the  contractor's 
plant.  The  initial  inspection  included  the  inventory  of 
items  shipped  and  a visual  inspection  for  damage  according 
to  the  applicable  technical  manuals.  Incidents  were  noted, 
then  adjusted  or  corrected  as  required.  Fluid  levels  were 
checked;  further  servicing  was  not  done  unless  service  was 
scheduled  according  to  the  lubrication  order  and  applicable 
technical  manuals.  Samples  of  lubricants  and  fluids  were 
removed  from  the  test  items.  The  test  item  was  started  and 
all  controls  were  operated  briefly  as  a functional  inspec- 
tion. At  the  time  the  test  was  suspended,  a final  inspec- 
tion was  also  performed.  Repairs  were  made  as  required  to 
restore  test  items  to  serviceable  condition  or  were  deferred 
to  the  next  scheduled  maintenance  service.  Inspections  were 
performed  according  to  the  inspection  checklists  and  the  ap- 
plicable technical  manuals.  Repairs  were  reported  by  EPR 
and  MTL. 

1.4.4  Break- i n 

When  received  at  MERADCOM,  the  test  items  had  accumu- 
lated varying  amounts  ot  hours  (Table  1.2-1)  as  a result  of 
the  contractor's  RDAT.  Low-time  test  items  (less  than  20 
hours  oti  hourmeter)  were  operated  and  adjustments  made 
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according  to  the  technical  manual  toi  the  duiat ion  ot  the 
break-in  period.  Operational  time  accumulated  through  prior 
contractor  testing  was  chargeable  against  the  initial  JO 
hours . 

1.4.5  Re  1 i ab i 1 i ty 

MTDF  and  reliability  estimates  are  developed  from  the 
collected  data  base  which  was  formally  pro  essed  through  the 
scoring  conference  process.  The  failure  scoring  criteria 
and  detail  of  the  mission  failure  definitiion  appear  as  Ap- 
pendix XV  of  the  PQT-G  Detail  Test  Plan. 


1.4.6  Subtests 

The  subtests  were  designed  to  tost  individual  vehicle 
characteristics  against  the  test  objectives.  Many  subtests 
were  similar  in  nature;  however,  some  ot  the  subtests  were 
unique  to  a particular  vehicle,  as  detailed  in  the  appropri- 
ate section  of  the  test  report. 


1 . 4 . 6 . 1 Safety 


A tost  item  safety  statement  based  on  contractor  test- 
ing was  provided  by  the  PM  to  MERADCOM.  Vehicle  manuals 
were  checked  to  determine  if  the  safety  precautions  and 
guidance  were  adequate.  Normal  safety  precautions  were 
taken  and  Command  safety  policy  was  followed  during  testing. 
Safety-related  problems  involving  the  test  items  were  re- 
ported in  detail  by  ETR,  The  results  of  contractor  noise 
level  tests  were  reviewed;  since  noise  levels  exceeded  ac- 
ceptable limits,  personnel  were  provided  with  ear  protection. 
Testing  was  conducted  regardless  of  weather  conditions  unless 
equipment  and  personnel  safety  were  involved.  MERADCOM 
Safety  Office  furnished  TECOM  with  recommendations  for  an  OT 
safety  release  prior  to  the  start  of  OT.  The  recommenda- 
tions supplemented  the  contractor's  safety  statement  with 
analysis  of  the  PQT-G  data. 


1 . 4 . 6 . 2 Environmental Impact 

As  anticipated,  the  environmental  impact  of  the  FAMECE 
test  program  was  not  significant.  The  FAMECE  vehicles  had 
no  more  impact  on  the  environment  than  any  other  standard 
military  construction  vehicles.  Noise-pollution  levels  be- 
yond the  operator's  station  were  not  significant.  Exhaust 
smoke  densities  were  not  visible.  Test  sites  remained  vir- 
tually unchanged  because  there  was  no  necessity  to  uproot 
trees.  All  soil  removed  throughout  the  test  was  replaced 
and  the  terrain  was  restored. 
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I . 4 . b . .1  Fug  1 Cons ump t i on 


The  amount  of  fuel  consumed  and  the  rate  of  fuel  use 
were  recorded  tor  each  power  section.  This  information  is 
provided  in  paragraph  2.5,  ENDURANCE  (I'OT-C)  TESTING. 

1 . 4 . o . 4 Human  Factors  Eva  1 uat ion 

Each  vehicle  was  examined  to  determine  the  availability 
of  t fie  operator  to  uain  access  and  egress  and  to  perform 
vehicle  operations. 

l.4.l>.5  Maintenance  Evaluation 

Maintainability  indexes  were  calculated,  special  tools 
and  TMDE  requirements  wore  investigated,  and  equipment  pub- 
1 ica  t i ons  we  re  eva 1 ua ted . 

I . 4 . (< . t>  Reliability  and  Durability 

Point  estimates  of  mission  and  system  mean- time-between- 
fai lures  (MTBF)  were  calculated. 

1 . 4 . 6 . 7 Inspection 

At  the  time  of  test  suspension,  inspection  was  perform- 
ed on  each  FAMECE  section  prior  to  shipment  to  the  OT  test 
site. 

1.4.7  Training  Program 

A training  program  was  developed  to  familiarize  MOS- 
qualified  Military  and  DA  civilian  personnel  in  the  unique 
operating  characteristics  of  FAMECE  vehicles,  maintenance 
functions  of  operators  and  crews,  and  higher  maintenance 
operations  peculiar  to  FAMECE  systems. 

A 9-day  course  covering  organizational , direct-support, 
and  general-support  maintenance  was  held  at  tue  contractor's 
facility  in  July  1977.  A 5-day  operator  course  was  also 
held  there  during  the  same  month.  Additional  training  was 
conducted  by  MERADCOM  at  Fort  Belvoir  by  New  Equipment 
Training  (NET)  personnel.  Instruction  was  in  accordance 
with  the  Summary  of  Instructions  contained  in  the  Test  Plan. 
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2. 


DETAILS  OF  TEST 


2.1  INTRODUCTION 

The  PQT  was  essentially  an  endurance  test  with  the  ob- 
jective to  obtain  the  maximum  number  of  vehicle  test  hours 
within  the  FAMECE  development  schedule  commensurate  with  the 
recovery  of  valid  test  data  for  RAM-D  evaluation.  The  test 
was  suspended  before  the  total  planned  test  hours  were  ac- 
cumulated. The  endurance  tests  were  conducted  in  100-hour 
cycles.  Testing  within  each  cycle  was  done  according  to  the 
task  percentages  specified  in  the  MN  mission  profiles. 

Table  2.1-1  compares  mission  profiles  and  actual  course  ne- 
gotiations . 

Each  vehicle  was  tested  at  the  MERADCOM  Annex  on  soil 
composed  of  sand-clay  and  gravel-clay.  Figures  2 . 1-1  and  2 . 1-2 
give  the  location  and  physical  characteristics  of  the  test 
course.  Ordinarily,  with  moisture  levels  in  an  acceptable 
range,  measurement  of  production  rates  is  not  a problem. 

The  charted  mean  temperatures  and  rainfall  during  PQT-G , 
shown  in  Figure  2.1-3,  support  the  fact  that  soil  conditions 
were  not  ideal.  High  moisture  content  created  loss  of  bear- 
ing strength,  slope  instability,  and  loss  of  shear  in  warm 
weather  and  poor  traction  (frozen  surfaces)  in  freezing 
weather . 

The  following  productivity  tests  requested  by  the  U.S. 

Army  Engineer  School  were  not  completed  for  the  FAMECE  at 
MERADCOM  during  the  PQT-G  because  of  the  weather  and  soil 
conditions.  Tests  involving  slopes  were  not  attempted  be- 
cause of  unstable  soil  conditions. 

The  following  tests  were  not  completed: 

Production  Tests  - Units  of  work/time. 

Loader  - Stockpiling  and  earthmoving. 

Dozer  - Earthmoving;  stockpiling;  push-loading. 

Scraper  - Earthmoving;  handling. 

Dumper  - Earthmoving;  human  factors.  Subjective  evalu- 
ation was  not  done  because  of  scheduling  prob- 
lems . 

Grader  - Road  maintenance;  high-bank  sloping. 

S. D.  Compactor  - Embankment  compaction;  asphalt  trans- 

portability. 

T. F.  Compactor  - Embankment  compaction. 

Transportability  - Cross-country  on  a trailer;  marine 

transportability . 

I 
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S.D.  and  T.F.  Compactors  - Pneumatic  mode  of  compaction 
was  tested  on  frozen  or  partially  thawed  soil. 
Soil  conditions  were  not  adequate  for  testing 
in  the  vibratory  mode. 

Because  PQT-G  testing  was  halted  to  prepare  for  OT  II, 
highway  and  marine  transportability  testing  was  modified  or 
other  data  substituted  in  lieu  of  performing  the  planned 
tests . 

Productivity  and  vehicle  stability  on  slopes  were  test- 
ed and  reported  in  the  contractor's  RDAT/EDT . 

Concurrent  with  MERADCOM  testing,  CEC  performed  similar 
endurance  testing  of  Grader  (Serial  471X102),  Dozer  (Serial 
466X102),  and  Scraper  (Serial  464X101).  Each  work  section 
and  associated  power  section  was  tested  for  approximately 
400  hours;  incidents  and  maintenance  actions  were  reported 
by  CEC  using  their  FFR  format  and  the  MERADCOM  MTL.  The  re- 
sulting CEC  data  are  recorded  separately  from  MERADCOM  data. 
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Table  2.J-1.  Test  Course  Negotiated  or  Worked 
(Mission  Profile  Versus  Actual) 
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*Pneumatic  mode  only 


MERADCOM  Annex,  North 


1 


Figure  2.1-1.  Test  course  negotiated/worked  by  FAMECE 
(MERADCOM  Annex,  North  Area;  Fort  Belvoir,  VA)  (Continued). 


Note:  Scraper  in  push  loading  node  50%  and  self-loading  30%. 
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August  1977  through  April  1978,  Fort  Belvoir, 


2.2  INITIAL  INSPECTION 


2.2.1  Objectives 

a.  To  determine  whether  the  Maintenance  Test  Support 
Package  (MTSP)  is  complete. 

b.  To  ensure  that  the  power  sections  and  work  sections 
are  in  good  operating  condition  and  are  reasonably  safe  for 
further  tests. 

c.  To  identify  the  fuel  and  lubricants  used. 

d.  To  determine  the  completeness  of  the  OEM  and 
adequacy  of  provision  for  stowage. 

2.2.2  Criteria 

a.  It  is  essential  that  FAMECE  operate  using  standard 
Army  fuels  and  lubricants  [MN  (ED) (QMR) , para  9.a. (1) ] . 

b.  It  is  essential  that  waterproof  and  dustproof  stor- 
age be  provided  on  each  power  section  and  work  section  for 
maintenance  logs,  manuals,  and  other  instructional  material 
[MN  (ED)  (QMR)  , para  9 . a . ( 12 ) ] . 

2.2.3  Method 

The  MTSP  provided  with  each  vehicle  was  examined  to  de- 
termine completeness  with  respect  to  manuals;  repair  parts; 
and  tools,  special  tools,  and  TMDE.  A record  was  made  of 
the  items  included  in  the  MTSP  and  compared  with  the  listing 
(DD  Form  250)  furnished  by  PM  FAMECE.  Shortages  in  the  in- 
ventory were  noted  and  reported  to  the  material  developer. 

The  checklists  provided  in  the  Operator's  and  Organiza- 
tional Maintenance  Manuals  for  individual  equipment,  in 
addition  to  the  detailed  inspection  checklists  provided  in 
PQT-G  detail  test  plan,  were  used  for  the  initial  inspection. 

Specific  areas  of  inspection  for  each  test  item  in- 
cluded : 


a.  Stowage — the  maintenance  log,  manuals,  and  other 
instructions  were  stowed  in  locations  specified  in  the  in- 
struction manuals.  The  adequacy  of  stowage  facilities  was 
measured  against  the  essential  requirements  for  waterproof, 
dustproof,  and  free  draining  areas  and  for  noninterference 
of  stowage  items  or  facilities  with  proper  functioning  of 
catches  and  release  devices. 


b.  Engine  operation  and  fuel--engine  was  started  to 
ensure  that  it  was  operational  and  would  operate  using  stan- 
dard Army  fuels  and  lubricants. 

c.  Fluids  sampled  and  analyzed--to  verify  the  usage  of 
military  lubricants  and  coolants. 

2.2.4  Results 

Detailed  results  of  the  initial  inspection  of  each  test 
item  are  given  in  Tables  2.2-1  through  2.2-10.  As  shown  in 
the  tables,  the  correction  of  certain  deficiencies  was  de- 
ferred until  repair  became  necessary,  parts  were  available, 
or  until  after  testing.  Corrections  were  reported  by  EPR 
and  MTL . 

The  toolbox  provided  on  the  power  section  was  adequate 
for  the  OEM  tools  issued  for  operator  level  maintenance. 
Likewise,  the  canvas  containers  for  logbooks  and  lube  orders 
wore  satisfactory,  although  the  location  on  the  immediate 
front  of  the  power  section  (next  to  the  radiator  grille)  is 
vulnerable  to  brush. 

The  MTSP  observed  during  initial  inspection  was  incom- 
plete because  no  parts  list  was  available  to  check  against 
the  DD  Form  250,  Material  Inspection  and  Receiving  Report, 
and  no  list  of  special  tools  was  available  (see  paragraph 
2.8,  MAINTENANCE  ANALYSIS). 

2.2.5  Analysis 

a.  A MTSP  list  was  not  received  prior  to  or  during  the 
test.  Missing  MTSP  elements  caused  some  delay  of  subsequent 
testing  because  of  lack  of  repair  parts. 

b.  Test  items  received  from  the  contractor  were  in 
good  operating  condition  and  ready  for  test  with  respect  to 
the  comments  of  Tables  2.2-1  through  2.2-10. 

c.  The  equipment  operates  using  standard  Army  fuels  and 
lubricants . 

d.  Adequate  provision  has  been  made  for  storage  of 
maintenance  logs,  manuals,  and  other  instructions. 
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Windshield  and  wiper  assembly. 
ROPS. 

Cab  support  structure. 

Cab  canvas  cover. 

Rearview  side  mirrors  (2) . 


Table  2.2-2.  Initial  Inspection  of  FAMECE  Compactor  (SD) 
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Cab  support  structure. 

Cab  canvas  cover. 

Rearview  side  morrors  (2). 


Table  2.2-3.  Initial  Inspection  of  FAMECE  Distributor 


Windshield  and  wiper  assembly. 
ROPS. 

Cab  support  structure. 

Cab  canvas  cover . 

Rearview  side  mirrors  (2). 


Table  2.2-4.  Initial  Inspection  of  FAMECE  Dozer 
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Table  2.2-6.  Initial  Inspection  of  FAMECE  Dumper 


Table  2.2-8.  Initial  Inspection  of  FAMECE  Loader 
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2.3  TRANSPORTABILITY 

2.3.1  Rail  Transportability 

2 . 3 . 1 . 1 Objective 

The  objective  of  the  railcar  transportability  tests  was 
to  determine  whether  the  FAMECE  vehicles  can  be  transported 
X by  rail  and: 

a.  To  determine  the  adequacy  of  the  vehicle  tiedown 
po  i n t s . 

b.  To  determine  unusual  requirements  or  problems  asso- 
ciated with  transporting  FAMECE  by  rail. 

c.  To  determine  whether  FAMECE  can  be  transported  by 
rail  without  sustaining  structural  or  mechanical  damage. 

2 . 3 . 1 . 2 Criteria 

a.  It  is  essential  that  FAMECE  be  designed  to  permit 
worldwide  movement  by  rail  with  no/or  a minimum  of  disassem- 
bly [MN  (ED)  (QMR),  paragraph  9.a.(15)J. 

b.  It  is  essential  that  FAMECE  tiedown  devices  for 
rail  be  designed  to  withstand  accompanying  shock  and  vibra- 
tion environments  [MN  (ED)  (QMR),  paragraph  10. g). 


2 . 3 . 1 . 3 . Method 


mm 


Each  FAMECE  vehicle  was  placed  on  a rail  flatcar  and 
positioned  longitudinally  and  laterally  to  obtain  the  most 
favorable  tiedown  angles  with  respect  to  vehicle  tiedown 
points  and  railcar  stake  pockets.  The  ROTS,  cab,  and  wi  mi- 
shield  were  removed  from  the  power  section;  the  windshield 
was  secured  to  the  hood  of  the  power  section  using  the  tie 
points  provided. 

The  railcar  used  in  the  test  weighed  51,200  pounds. 
Individual  FAMECE  vehicle  weights  varied  from  24,000  to 
29,600  pounds. 

FAMECE  technical  manuals  were  checked  for  blocking  and 
tiedown  instructions;  none  was  found. 

Approved  Association  of  American  Railroad  (AAR)  tiedown 
procedures  for  wheeled  construction  equipment  were  followed 
with  one  significant  exception.  The  most  recent  AAR  proce- 
dures specify  that  for  rubber-tired  wheeled  vehicles,  pri- 
mary tiedowns  must  be  wire  rope  tightened  with  turnbuckles. 
However,  to  reduce  tiedown  installation  time  during  the  mul- 
tiple test  series,  and  with  Transportation  Engineering 
Agency  (TEA)  concurrence  , chains  and  loadbinders  were  used 
instead  for  the  dumper,  distributor,  scraper,  grader,  and 
S.D.  compactor.  These  vehicles  were  tied  down  by  four  16- 
foot  lengths  of  3/8-inch  steel  chain  with  a breaking 
strength  of  11,500  pounds.  The  chains  were  run  through 
clevises  placed  on  each  vehicle  tiedown  used  (two  in  front, 
two  in  back)  and  through  stakepockets  on  the  flatcar;  the 
chains  were  tightened  with  loadbinders.  On  the  remaining 
vehicles,  rope  with  a breaking  strength  of  33,000  pounds  was 
used.  Turnbuckles  were  used  to  tighten  the  wire  rope  ac 
cording  to  AAR  procedures.  Individual  vehicle  tiedown  pat- 
terns and  the  wheel  blocking  pattern  are  illustrated  in 
Figures  2.3-1  through  2.3-11. 

Blocking  of  vehicle  wheels  was  in  accordance  with  ap- 
proved AAR  procedures  including  nailing  of  blocks  to  the 
railcar  floor.  Because  of  the  width  of  the  tires,  three 
blocks  were  placed  against  the  road  surface  both  tore  and 
aft  of  each  wheel.  Wheels  of  the  compactor  section  were 
blocked  on  each  of  the  four  pairs  of  wheels  at  the  most  ac- 
cessible points.  Lateral  movement  was  prevented  in  all 
cases,  with  a block  centered  against  the  outside  of  each 
tire.  Block  dimensions  and  position  of  wheel  blocks  are 
shown  in  Figure  2.3-1. 


Figure  2.3-1.  Wheel  blocking  pattern  and  wheel  block. 

Six  accelerometers  were  placed  on  the  vehicle  frame 
near  the  pintle  hooks  on  both  sections  to  measure  and  record 
impact  forces  in  the  vertical,  lateral,  and  horizontal  direc- 
tions. A photocell  timer  was  used  in  determining  the  speed 
of  the  test  vehicle  and  flatcar  on  impact. 

A winch-driven  dolly  car  was  used  to  pull  the  flatcar 
up  an  inclined  rail  to  predetermined  heights  which  permitted 
the  flatcar  to  attain  the  desired  speed  after  release.  The 
flatcar  was  then  released  and  it  rolled  down  the  incline, 
reaching  the  specified  speed  before  colliding  with  four  im- 
pact cars.  The  impact  cars  were  a gondola,  boxcar,  and  two 
flatcars  with  a combined  weight  of  230,000  pounds.  An  exam- 
ination of  blocks  and  tiedowns  and  a visual  inspection  of 
the  vehicles  was  performed  after  each  impact. 

The  impact  tests  were  performed  in  accordance  with  TOP 
1-2-500  6.c  with  the  following  exceptions: 

a.  The  electric  timer  used  to  determine  the  approxi- 
mate speed  of  the  railcar  at  impact  was  placed  alongside  the 
tracks  and  approximately  10  feet  before  the  point  of  impact 
rather  than  on  the  tracks  and  ahead  of  the  point  of  impact. 

b.  Because  the  impact  car  could  not  be  reversed  on  the 
test  track  (for  rear  humping),  each  vehicle  was  untied, 


feL- 


lifted  by  crane,  and  repositioned  on  the  railcar  front-to- 
back . 

c.  Adjustments  were  made  to  the  chains  after  individ- 
ual impacts.  It  was  the  judgment  of  the  test  engineer  that 
continuation  of  the  tests  with  loose  chains  or  wire  rope 
would  damage  the  test  vehicles  and  be  unsafe. 

2 . 3 . 1 . 4 Results 

With  the  exception  of  a wold  failure  between  a fuel 
tank  support  bracket  and  frame,  there  was  no  noticeable  dam- 
age to  the  test  units  as  a result  of  the  rail  impact  tests. 
The  clevis  failure  on  the  distributor  work  section  appeared 
to  be  the  result  of  a missing  cotter  which  secured  the 
clevis  pin.  Without  the  cotter  the  pin  slipped  out  of  one 
side  of  the  clevis,  allowing  it  to  expand.  Each  unit 
started  and  was  driven  away  after  the  tests  were  completed. 
Detailed  results  of  the  tests  are  given  in  Figures  2.3-12 
through  2 . 3- 19 . 

2 . 3 . 1 . 5 Analysis 

The  single  incident  that  occurred  during  the  rail  im- 
pact test  was  the  broken  support  bracket  weld  observed  after 
the  8-mi/h  test.  Examination  showed  that  the  weld  between 
the  bracket  and  the  frame  was  thoroughly  rusted,  indicating 
that  the  break  had  occurred  before  the  test.  A review  of 
the  test  record  revealed  that  this  weld  had,  indeed,  failed 
before  and  had  been  repaired;  because  of  limited  access,  the 
tank  was  not  removed  and  a strong  weld  was  not  made. 

Subsequent  endurance  testing  of  each  vehicle  subjected 
to  the  impact  test  indicated  no  apparent  related  failures. 

It  is  therefore  concluded  from  this  test  that: 

a.  While  it  was  not  the  objective  of  this  test  to  prove 
a tiedown  system,  the  tiedown  and  blocking  procedures  used  in 
the  test  are  adequate;  although  the  chain  and  wire  rope  used 
stretched  and  required  retightening,  indicating  possible  need 
for  larger  diameter  wire  rope.  The  grader  was  tested  without 
retightening  of  the  chain  to  determine  if  blocking  would 
retain  the  vehicle.  Blocking  and  tiedowns  did  retain  the 
vehicle  without  subsequent  damage. 

b.  When  blocked  and  tied  down  in  the  manner  described, 
the  FAMECE  vehicles  are  capable  of  withstanding  the  hazards 
of  rail  shipment  without  damage. 


Typical  power  section  tiedown 
with  chains  and  loadbinders. 


Typical  power  section  tiedown 
with  chains  and  loadbinder. 


Power  section  tiedown 
with  wire  rope. 


Loader  tiedown 
with  wire  rope 


• r. ^ 

mm  i 'l  l 

l' 

Blocking  do tail 
(T.F.  Compactor) 


Blocking  detail 
T.F.  Compactor) 


Figure  2.3-3.  Vehicle  tiedown — T.F.  Compactor 


TEST  ITEM  — Grader  (T950,  Serial  471X102) 
with  Power  Section  (T949,  Serial  446X116) 


Vehicle  Dimensions:  310  in.  long,  103  in. 

wide,  97  in.  high 
Wheelbase:  235  in. 

Shipping  Weight:  29,950  lb 


TIEDOWN  PATTERN 


; 


TEST  ITEM — Scraper  (T956,  Serial  464X102) 
with  Power  Section  (T955,  Serial  466X114) 

Vehicle  Dimensions:  312  in.  long,  105  in. 

wide,  97  in.  high 

Wheelbase : 

Shipping  Weight:  30,000  lb 


TIEDOWN  PATTERN 


(Side) 


TEST  ITEM  — Dumper  (T960,  Serial  467X104) 
with  Power  Section  T959,  Serial  446X113 


Vehicle  Dimensions: 

Wheelbase : 

Shipping  Weight: 


276  in.  long,  104  in. 
wide,  97  in.  high 
182  in. 

28,300  lb 


TIEDOWN  PATTERN 


(Top) 


Figure  2.3-6.  Vehicle  tiedown — Dumper. 
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TEST  ITEM — Loader  (T966,  Serial  465X102) 
with  Power  Section  (T937,  Serial  446X105) 

Vehicle  Dimensions:  262  in.  long,  105  in 

wide,  97  in.  high 
Wheelbase:  121  in. 

Shipping  Weight:  29,500  lb 


TIEDOWN  PATTERN 


test  ITEM — Dozer  (T944,  Serial  466X101) 
with  Power  Section  (T943,  Serial  446X107) 

Vehicle  Dimensions:  258  in.  long,  105  in. 

wide,  97  in.  high 
Wheelbase:  112  in. 

Shipping  Weight:  29,100  lb 

TIEDOWN  PATTERN 


4 


(Top) 


I 
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TEST  ITEM — Distributor  (T938,  Serial  468X101) 
with  Power  Section  (T941,  Serial  446X106) 


Vehicle  Dimensions: 

Wheelbase : 

Shipping  Weight: 


284  in.  long,  104  in 
wide,  97  in.  high 
182  in. 

27,500  lb 


TIEDOWN  PATTERN 


(Top) 


Figure  2.3-9.  Vehicle  tiedown — Distributor. 
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TEST  ITEM — Smooth-Drum  Compactor  (T954,  Serial  470X101) 
with  Power  Section  (T953,  Serial  446X112) 


Vehicle  Dimensions: 

Wheelbase : 

Shipping  Weight: 


275  in.  long,  105  in.  wide, 
97  in.  high 
186  in. 

29,200  lb 


TIEDOWN  PATTERN 


(Side) 


(Top) 


Figure  2.3-10.  Vehicle  tiedown — Smooth-Drum  Compactor, 
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TEST  ITEM — Tamping- Foot  Compactor  (T952,  Serial  409X101) 
with  Power  Section  (T951,  Serial  440X110) 


Vehicle  Dimensions:  275  in.  long,  105  in.  wide, 

97  in.  high 

Wheelbase : 

Shipping  Weight:  29,900  lb 


TIEDOWN  PATTERN 


DIRECTION 
OF  TRAVEL 


Resul ts 


Work  Modulo 


Power  Module 


Left  chain  loose  (rot ightened) 


lloth  chains  loose  (rot ightenod) 


Loft  chain  broke  (replaced) 


Right  side  wheel 
block  sheared  off 
( replaced) . 


1’alr  of  chains  added  at  center  of  roller  prior  to  conducting 
tests  4,  1 and  6. 


Middle  chain  loose  (ret Ightoned) 


Chain  elongated  1 link 


Fiqurc  2.3-13.  Tamping-i  oot  Compactor 
rail  transportability  test  results. 


DIRECTION 
OF  TRAVEL 


Power  Nodule 


Work  Module 


Clevis  on  curbside 
Clevis  was  replaeei 
continued. 


Chains  loose  (retightened) 


Chain  elongated,  reached  limit 
New  chains  installed  prior  to  conducting  tests  4,  5 and  6. 


Chains  loose 
(rot ightened) 


I-igure  2.3-14.  Distributor  — 
rail  transportability  test  results 
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TEST  ^ DIRECTION  ^ TEST 
4,5,6  ^ OF  TRAVEL  ^ 1,2,3 


Test 

No. 

Impact 

Speed 

(mi/h) 

Results 

Power  Module  Work  Module 

1 

3.95 

2 

6.23 

Wire  ropes  loose 
(retightened) . 

3 

8.37 

Wire  ropes  on  middle  section 
loose  (retightened). 

4 

4.58 

5 

6.33 

Wire  ropes  loose 
(retightened) . 

6 

8.54 

Wire  ropes 

elongated  2.5  inches. 

Figure  2,3-15.  Dozer — 
rail  transportability  test  results. 
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3 

7.97 

Hydraulic  tank 
support  bracket 
cracked. 

Chains  elongated  2 links 
(re tightened) . 

4 

4.10 

. 

5 

5.85 

Chains  elongated 

1 link. 

< 

o 

6 

7.69 

Chains  elongated 

2 additional  links. 

Figure  2.3-16.  Dumper — 
rail  transportability  test  results. 


1 4.27 

2 5.91  Small  elongation  on  chains. 

1 7.89  All  chains  elongated  All  chains  elongated 

2 Inches.  2 Inches. 


4 . 39 

h.  13 

Right 

side 

ehn  in 

elong; 

1 1 ed 

2 link 

8.12 

Right 

side 

chain 

elong. 

1 1 ed 

1 more 

link. 

Fiqure  2.3-17.  Grader — 
tail  transportability  test  results. 


Test 

No. 


Impact 
Speed 
(mi / h) 


Resu 1 1 s 


’ewer  Moduli 


Work  Moduli 


Impact 
Speed 
(mi /hi 


Re sul ts 


Power  Module 


Work  Module 


l 4.00 


6 . .10 

8.31 

4.37 
t> . 26 

8.43 


Wire  rope  on  left  side 
loose  (retightened). 


Wire  rope  on  left  side 
loose  (retightened). 


Bucket  moved  3/8  inch 
longitudinal ly . 


Figure  2.3-18.  Loader — 
rail  transportability  rest  results, 
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TEST 

4,5,6 


DIRECTION 
OF  TRAVEL 


Chains  loose  (ret  lightened)  . 

Chains  elongated  2 links 
(ret l gh toned) . 


Impart 
Speed 
(mi /h) 


Kesu 1 1 s 


rower  Moduli 


Work  Moduli 


4.43 
6.17 
8 . 29 

4.34 
6 . 04 


Test 

No. 


Chains  loose 


c.  Minimal  disassembly  (i.e.,  removal  of  ROPS,  fabric 
cab  and  mirror  supporting  structure,  and  windshield)  and  the 
installation  of  a steering  link  were  required  to  prepare 
the  vehicles  for  rail  shipment. 


2.3.2  Highway  Transportability 


2. 3. 2.1  Objective 


To  determine  whether  the  test  item  can  be  transported 
over  highways  (TOP  1-2-500). 


2. 3.2.2  Criteria 


FAMECE  must  be  designed  to  permit  worldwide  movement  by 
highway,  rail,  ocean,  amphibious,  and  inland-waterway  car- 
riers with  no/or  a minimum  of  disassembly  of  equipment  [MN 
(ED)  (QMR) , para  9.a(15),  essential]. 

2 . 3 . 2 . 3  Method 


Rather  than  simulating  highway  test  conditions,  exist- 
ing data  accumulated  from  highway  movement  between  the  con- 
tractor's plant  and  various  test  sites  were  used  to  determine 
compliance  with  the  criteria.  The  PQT  highway  transporta- 
bility test  plan  which  referenced  portions  of  TOP  1-2-500 
was  followed. 


Thirteen  FAMECE  vehicles  (power  section  with  work  sec- 
tion) and  one  work  section  alone  were  prepared  for  shipment 
at  the  contractor's  plant  (Benton  Harbor,  Michigan).  The 
items  were  loaded  on  semitrailers  and  tied  down  with  chains 
and  binders  as  shown  on  the  vehicle  transportation  data 
plates  and/or  in  accordance  with  commercial  and  military 
practice.  Figures  2.3-20  through  2.3-28  show  the  tiedown 
and  blocking  arrangements  used.  In  normal  preparation  for 
shipment  and  to  reduce  height,  the  ROPS  was  removed,  the 
fabric  cab  and  tubular  cab  support  stowed  in  the  ROPS,  and 
the  windshield  removed  and  secured  to  the  engine  hood.  The 
steering  link  was  installed  to  prevent  articulation  of  the 
frame  and,  in  the  case  of  the  dumper,  the  headache  board  was 
lowered  into  the  dumper  body.  All  load  measurements  and 
weights  were  recorded  as  shown  in  Table  2.3-1. 

All  vehicles  were  then  transported  on  highways  to 
MERADCOM  (Fort  Belvoir,  Virginia)  and  later  to  Fort  Bragg, 
North  Carolina,  for  OT.  In  addition,  several  of  the  vehi- 
cles were  transported  to  and  from  NARADCOM  (Natick,  Massa- 
chusetts) . Interstate  routes  were  followed  primarily  with 
remaining  travel  over  at  least  surfaced  roads  within  state 


boundaries.  The  conditions  permitted  evaluation  of  turning 
characteristics,  handling,  and  stopping  ability  of  the  trans- 
port with  load.  Instrumentation  for  measuring  force  levels 
was  not  installed  since  force  levels  created  during  the  rail 
transportability  test  exceeded  what  would  be  encountered 
under  highway  emergency  stopping  conditions.  On  arrival  at 
MERADCOM,  all  vehicles,  blocking  (when  used),  and  tiedowns 
were  inspected  for  evidence  of  load  displacement  and  damage. 

A limited  number  of  recovery  and  towing  operations  were 
done  as  a result  of  disabling  test  accidents.  Figures 
2.3-29  and  2.3-30  illustrate  such  an  incident.  In  this  case, 
the  dumper  power  section  was  being  towed  to  the  maintenance 
as  a result  of  a damaged  radiator.  The  operator's  manual 
was  consulted  for  appropriate  towing  procedures. 

2. 3.2.4  Results 

Each  FAMECE  vehicle  was  shipped  at  least  941  miles  (as 
shown  in  Table  2.3-2)  by  truck-semitrailer  transport.  The 
cumulative  shipping  distance  was  18,656  miles  over  various 
roads  and  highway  conditions.  Inspection  of  the  vehicles  at 
MERADCOM  revealed  no  apparent  damage  resulting  from  trans- 
port. Furthermore,  5,000  hours  of  subsequent  PQ  testing  re- 
vealed no  damage  that,  might  have  been  related. 

Since  the  overall  shipping  width  of  each  vehicle  (103 
to  105  inches)  exceeded  the  limits  of  all  states  except 
Hawaii  (see  TOP  1-2-500,  Table  5,  page  C-3) , it  was  neces- 
sary to  obtain  permits  restricting  travel  to  specific  times 
and  road  conditions.  FAMECE  vehicle  weight  or  weight  dis- 
tribution was  not  a limiting  factor.  FAMECE  technical  man- 
uals did  not  provide  instructions  for  highway  movement. 

2. 3. 2. 5 Analysis 

The  dumper  vehicle  was  typical  of  several  recovery 
operations  which  occurred  during  the  test.  Procedures  de- 
scribed in  the  manual  were  followed  and  the  vehicles  could 
be  towed  without  problem  using  the  standard  military  heavy- 
duty  towbar,  air,  and  electrical  interconnect  ions  to  the 
towing  vehicle.  Operators  noted  that  it  was  difficult  to 
back  up  a towed  FAMECE  vehicle  because  of  the  towed  vehicle's 
articulated  steering  freedom. 

Results  of  inspections  and  post-transport  operations 
indicated  that  highway  transport  under  a variety  of  climatic 
and  highway  conditions  did  not  measurably  degrade  the  per- 
formance of  the  FAMECE  test  vehicles.  Because  of  poor  soil 
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conditions,  FAMECE  vehicles  were  not  transported  by  semi- 
trailer over  cross-country  terrain  as  specified  by  the  DTP. 

The  vehicle  designs  permitted  reduction  of  height  to 
within  acceptable  statutory  limits  and  with  a minimum  of 
disassembly  of  equipment.  Vehicle  weights  (gross)  would  not 
generally  restrict  highway  transportability  except  when  the 
vehicles  carry  loads.  Available  military  and  commercial 
truck-trailer  combinations  could  handle  all  vehicles  with 
regard  to  weight.  Other  design  considerations,  however, 
created  a nonreducible  vehicle  width  that  exceeded  limita- 
tions in  all  states  through  which  the  vehicles  were  actually 
transported.  Further  vehicle  width  reduction  is  not  feasible 
at  this  time.  A check  of  TOP  1-2-500  (Table  5.6  and  Figure 
6,  Appendix  C)  shows  that  FAMECE  exceeds  vehicle 
width  limits  in  all  states  (except  Hawaii)  and  foreign  coun- 
tries. The  effect  of  this  condition  is  restricted  freedom 
of  road  movement  depending  on  local  conditions.  In  this  re- 
spect, the  criteria  are  not  met. 

2.3.3  Marine  Transportability 

2. 3. 3.1  Objective 

To  determine  whether  the  FAMECE  can  be  transported 
by  marine  vessels. 

2 . 3 . 3 . 2 Criteria 

It  is  essential  that  the  FAMECE: 

a.  Be  designed  to  permit  worldwide  movement  by  ocean 
carriers  with  no/or  a minimum  of  disassembly  of  equipment 
[MN  (ED) (QMR) , paragraph  9.a.(15)]. 

b.  Be  provided  with  lifting  and  tiedown  devices  for 
water  shipment  of  individual  sections  as  well  as  entire 
vehicles  as  required  by  MIL-STD-209B  and  AR  70-39  [MN  (ED) 
(QMR),  paragraph  10.g.]. 

2. 3. 3. 3 Method 

The  PQT-G  Test  Plan  specifies  that  the  procedure  given 
in  the  TOP  1-2-500  (7  Feb  73),  Section  II,  paragraph  8.c.(l) 
be  followed: 

The  test  item  is  properly  prepared  for 
marine  transport  as  prescribed  in  the  ap- 
propriate technical  manuals.  To  simulate 
dockside  loading,  the  test  item  is  lifted 
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off  the  ground  by  a mobile  crane  (or 
other  suitable  lifting  device)  to  a 
height  simulating  ship  deck  height  (up  to 
40  feet)  and  held  for  a period  of  3 min- 
utes ....  The  load  is  rotated  90°  to  the 
extreme  left,  reversed  180°  to  the  right, 
and  reversed  again  90°  left  to  the  ori- 
ginal starting  position.  The  test  item 
is  then  lowered  to  within  4 inches  of  the 
ground  and  released  to  free  fall  the  re- 
mainder of  the  distance  to  the  ground. 

Once  this  has  been  accomplished,  the  test 
item  is  inspected  for  damage  .... 

2 . 3 . 3 . 4 Results 

This  subtest  was  not  conducted  in  the  prescribed  manner 
since  PQT-G  was  terminated.  However,  information  acquired 
from  other  subtests  related  to  loading  and  transportability 
was  analyzed. 

2. 3. 3.5  Analysis 

Although  not  recorded  as  part  of  the  rail  impact  test, 
each  FAMECE,  in  its  shipping  configuration,  was  lifted,  ro- 
tated, and  placed  on  and  removed  from  the  rail  car  essenti- 
ally in  the  manner  described  in  the  test  plan  for  marine 
transportability.  Two  characteristics  of  the  test  item  were 
measured : 


a.  Strength  capacity  of  the  lifting  attachments. 

b.  Sling  clearance. 

No  failures  of  lift  attachments  or  problems  with  sling 
clearances  were  observed  during  the  rail  impact  test.  Sub- 
sequent endurance  testing  of  each  vehicle  subjected  to  the 
rail  impact  test  indicated  no  apparent  related  failures. 

The  FAMECE  with  lifting  attachments,  therefore,  has 
successfully  withstood  forces  similar  to  those  that  would 
have  occurred  during  a formal  test  of  marine  transportabil- 
ity. Furthermore,  it  is  believed  that  air  transportability 
testing,  including  airdrop/helicopter  lift  duty  cycle,  is 
more  rigorous  than  marine  transportability  testing  with  re- 
spect to  the  4-inch  free  fall  therefore  demonstrating  the 
ability  of  the  test  item  to  withstand  both  the  shock  and 
racking  forces  associated  with  the  lifting  and  rotation  and 
a 4-inch  free  fall.  It  is  felt  that  successful  completion 
of  the  air  transportability  testing  would  satisfy  all  marine 
transportability  requirements. 


2-40 


k 


Figure  2.3-20.  Grader. 
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igure  2.3-29.  Dumper — recovery  and  towing  operation,  front  view. 
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Table  2.3-1.  FAMECE  Vehicle  Data — Highway  Transport 
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* Not  routed  to  this  location. 

**  Transported  without  power  section 


2.4  PROTOTYPE  QUALIFICATION  TEST-CONTRACTOR  (PQT-C) 

2.4.1  Objective 

The  objective  of  contractor  testing  (PQT-C)  was  to 
evaluate  the  dozer,  scraper,  and  grader  by  operating  each 
vehicle  for  400  hours.  This  testing  was  done  concurrent 
with  PQ  testing  at  MERADCOM  and  is  provided  only  as  a sum- 
mary without  analysis. 

2.4.2  Criteria 


FAMECE  was  to  meet  all  criteria  specified  in  the  test 
plan  contained  in  Contract  DAAE07-75-C-0051 . The  test  plan 
was  extracted  from  the  PQT  detail  Test  Plan  dated  25  October 
1977  which  was  prepared  by  MERADCOM. 

2.4.3  Method 


Each  of  the  three  vehicles  was  operated  in  accordance 
with  the  following  mission  profile: 

Dozer 


Dozing  54% 
Dozer  winch  operations  9% 
Pushloading  29% 
Travel  and  miscellaneous  8% 

Scraper 

Pushloading  26% 
Self-loading  64% 
Travel  and  miscellaneous  10% 

Grader 

Road  maintenance  40% 
Sloping  operations  35% 
Spreading/leveling  operations  15% 
Travel  and  miscellaneous  10% 


Both  the  dozer  and  scraper  were  tested  to  determine 
productivity  (rate  of  moving  soil) . The  dozer  was  used  to 
construct  a trench  3 feet  deep,  and  the  scraper  removed  soil 
to  form  a 110-foot-wide  ditch. 

A maintainability  evaluation  was  performed  on  each  ve- 
hicle whereby  data  resulting  from  any  maintenance  tasks  were 
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recorded  and  analyzed,  maintainability  values  were  calculat- 
ed, and  a qualitative  analysis  was  performed  to  determine 
general  vehicle  maintainability. 


Data  collected  during  testing  of  each  vehicle  were  used 
to  calculate  MTBF  and  point  estimates  of  reliability  on  both 
a system-  and  mission-failure  basis. 

> Total  consumption  of  fuel  and  fluids  by  each  vehicle 

was  determined  and  the  data  projected  to  a 10-hour  work  mis- 
sion . 

A human  factors/safety  evaluation  was  made  of  informa- 
tion related  to  operators'  opinions  of  various  vehicle  char- 
acteristics . 

Overall  noise  exposure  was  determined  by  recording 
sound  levels  with  a dosimeter  during  various  operations. 

Total  hours  of  operation  were  measured  for  the  vehicles 

Iand  a final  inspection  was  performed  at  the  conclusion  of 

PQT-C. 

2.4.4  Results  (CEC  Report  PQT-C  502) 

The  mission  profiles  for  the  dozer  and  scraper  were  al- 
tered slightly  to  accommodate  overall  testing  and  conditions 
of  the  test  area.  Freezing  conditions  occurred  during  ap- 
proximately one-half  of  the  PQT-C  testing.  The  report  indi- 
cated the  following  results: 

a.  Productivity  for  the  dozer  and  scraper  tested  was 
considered  satisfactory. 

b.  No  major  maintainability-related  problems  were 
identified  during  PQT-C;  however,  some  minor  problems  or 
undesirable  conditions  were  noted. 

c.  Calculated  MTBFs  and  vehicle  reliability  are  shown 
in  Table  2.4-1. 

d.  Based  on  survey  responses,  the  human  factors/safety 
evaluation  revealed  no  critical  areas  of  concern.  Military 
operators  were  used  during  PQT-C. 

e.  Noise  levels  reached  during  operation,  fuel  and 
fluids  consumption,  and  other  test  measurements  appear  in 
Table  2.4-2. 
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Table  2.4-1.  MTBF/Reliability  as  Demonstrated — PQT-C 
(from  CEC  Report  No.  PQT-C  502) 


Test  Item 

Failures 

MTBF 

Reliability 

System 

Mission 

System 

Mission 

System 

Mission 

Dozer 

PS 

10 

1.00 

40.4 

400.0 

77.9 

97.5 

WS 

4 

2.75 

100.0 

145.5 

90.5 

93.4 

Veh 

14 

3.75 

28.5 

106.7 

70.5 

91.1 

Scraper 

PS 

8 

0 

50.0 

81.9 

100.0 

WS 

15 

2 

26.7 

200.0 

68.8 

95.1 

Veh 

23 

2 

17.4 

200.0 

56.3 

95.1 

Grader 

PS 

4 

0 

100.0 

90.5 

100.0 

WS 

7 

6 

57.1 

66.7 

83.9 

86.1 

Veh 

11 

6 

36.4 

66.7 

76.0 

86.1 

Overall 

PS 

22 

1 

54.5 

1200.0 

83.2 

99.2 

WS 

26 

10.75 

46.2 

111.6 

80.5 

91.4 

Veh 

48 

11.75 

25.0 

102.1 

67.0 

90.7 

PS  = Power  Section 
WS  = Work  Section 
Veh  = Vehicle 


Based  on  388.5  hours  of  testing. 


2.5  ENDURANCE  (PQT-G)  TESTING 


FAMECE  was  tested  according  to  the  mission  profile 
qiven  in  Appendix  II  of  the  Detail  Test  Plan  (DTP)  and  indi- 
vidual test  plans  of  Appendices  III  through  X of  the  DTP. 

All  the  data  for  safety,  human  factors,  maintenance,  relia- 
bility, and  durability  were  generated  during  this  test. 
Planned  productivity  checks  could  not  be  made  because  au- 
verse  weather  and  the  resulting  soil  conditions  prevented 
collection  of  reliable  information.  The  endurance  test 
phase  of  PQT-G  simulated  the  FAMECE  mission  profile  during 
repetitive  test  cycles  designed  for  the  specific  work  sec- 
tion being  tested;  however,  delivery  of  the  test  items, 
availablility  of  the  items  for  test,  and  climatic  conditions 
limited  test  hours  actually  attained.  The  tests  were  con- 
ducted in  100-hour  cycles  until  suspended  on  17  March  1978 
in  order  to  prepare  the  FAMECE  for  OT. 

2.5.1  Objectives 

a.  To  determine  the  ability  of  the  FAMECE  to  travel 
over  designated  road  and  cross-country  test  courses  for  a 
prescribed  distance  or  time  and  perform  the  typical  work 
functions  required. 

b.  To  obtain  data  suitable  for  application  to  other 
subtests — reliability,  maintenance  evaluation,  safety,  and 
human  factors  analysis. 

2.5.2  Criteria 

(From  Appendix  2,  Items  2,  3,  4,  and  7,  of  the  Detail 
Test  Plan . ) 

a.  A typical  mission  profile  for  each  member  of  the 
family  will  be  composed  of  the  following  construction  tasks 
in  the  percentages  indicated  below: 

Dozer 


Earthmoving  (dozing) 

60  * 

Stock pi  1 i ng 

15* 

• 

Push  load ing 

5* 

Towing 

5* 

Travel 

10* 

Mi  see  1 laneous 

5* 

* 


Loader 


Earthmoving  (loading)  65% 
Stockpiling  20% 
Travel  10% 
Miscellaneous  5% 


Scraper 

Earthmoving  (scraping) 
Hauling  (construction 
materials ) 

Travel 

Miscellaneous 

Dumper 

Earthmoving  (hauling) 
Hauling  (construction 
materials  & general 
cargo) 

Towing 

Travel  (to  include 
transporting  squad 
personnel  & tools) 

Grader 

Road  maintenance 
Spreading  & leveling  fill 
Ditching 
Travel 

Miscellaneous 

Compactors 

Embankment  compaction 
Base  course  compaction 
Vibratory  mode  compaction 
Asphalt  compaction 
Travel 

Distributor 

Distributing  water 
Hauling  water 
Travel 

b.  (Essential)  Must  operate  util 
fuels  and  lubricants. 
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c.  (Essential)  Must  have  sufficient  iuel  capacity  for 
at  least  200  miles  of  travel  on  secondary  roads  or  10  hours 
of  operation  as  a work  tool. 

d.  (Essential)  The  power  module  and  work  module 
will  be  capable  of  being  coupled  or  uncoupled  at  the  work 
site  within  30  minutes  (15  minutes  is  desirable)  without  the 
need  for  special  tools  or  equipment. 

2.5.3  Method 

Detailed  test  plans  for  each  of  the  work  sections  are 
contained  in  Appendices  III  through  X of  the  DTP.  The  en- 
durance of  PQ  test,  as  part  of  DT  II,  is  perceived  as  a 
means  of  demonstrating  and  validating  the  various  criteria 
of  the  MN;  however,  the  emphasis  of  the  test  was  to  demon- 
strate the  reliability  and  maintainability  characteristics 
of  the  FAMECE  system.  The  detailed  tests  were  designed  us- 
ing proven  SAE  and  Army  procurement  specification  test  pro- 
cedures applicable  to  the  functional  work  section  being 
tested.  Throughout  the  endurance  test,  the  test  items  were 
serviced  and  maintained  in  accordance  with  the  appropriate 
lubrication  charts  and  TM's  provided  with  the  equipment.  A 
record  of  incidents,  malfunctions,  and  maintenance  actions 
was  logged  and  photographs  were  made  of  the  more  significant 
problems.  During  the  tests,  engine  hourraeter  readings  were 
recorded.  The  lights  and  electrical  circuits  were  checked 
during  pre-  and  post-operational  inspections.  Only  standard 
military  lubricants  and  fuel,  procured  to  Federal  specifica- 
tions, were  used  during  the  endurance  test.  The  fuel  used 
and  oil  added  during  operation  were  recorded.  Road  speeds 
were  held  to  reasonable  and  practical  speeds  for  the  course 
conditions.  The  test  items  were  examined  visually  at  the 
start  of,  during,  and  at  the  end  of  the  shift  of  operation 
to  determine  excessive  wear,  damage,  failures,  or  impending 
failure.  Coupling/uncoupling  operations  were  performed  in 
the  field  as  required  during  maintenance  and  to  investigate 
related  incidents. 

2.5.4  Results 


Test  results  for  FAMECE  test  items  follow: 

2 . 5 . 4 . 1 Operating  Time--Engine  Hourmeter  and  Clock  Hours 

Engine  hourmeter  readings  were  recorded  when  the  test 
items  were  received  for  PQT-G  at  MERADCOM  and  throughout  the 
test.  After  PQT-G,  hourmeter  readings  were  recorded  and  the 
number  of  test  hours  or  clock  hours  completed  (the  difference 
in  readings)  calculated  for  each  item.  The  data  appear  in 
Table  1-1,  FAMECE  Test  Data. 
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2. 5. 4. 2 


Fue 1 Consumption 


The  total  amount  of  fuel  consumed,  the  average  rate  of 
consumption  for  the  respective  mission  profile,  and  signifi- 
cant problems  observed  for  each  vehicle  during  testing  are 
shown  in  Table  2.5-1.  All  test  items  satisfied  the  MN  re- 
quirement that  there  be  sufficient  fuel  capacity  for  10 
hours  of  operation  as  a work  tool. 

2 . 5 . 4 . 3 Oil  Consumption 

The  engine  oil  and  lubricant  consumption  observed  for 
each  test  item  are  shown  in  Table  2.5-2. 

2 . 5 . 4 . 4 Co upl i ng/Uncoupl ing  Time,  Mi nutes 

Coupling  and  uncoupling  times  were  obtained  from  two 
sources:  50-hour  service  records  and  special  coupling/un- 

coupling test  records. 

The  service  record  summary  covering  the  period  from 
August  1977  to  March  1978,  in  Table  2.5-3,  contains  times 
for  vehicles  checked.  The  average  operation  (coupling  or 
uncoupling)  times  exceeded  the  allowable  30  minutes  for  the 
dumper  and  distributor,  and  individual  operation  times  ex- 
ceeded 30  minutes  22  percent  of  the  time.  The  majority  of 
the  uncoupling/coupling  operations  were  performed  in  an  un- 
heated shop.  Due  to  the  wet  or  freezing  weather  during  this 
time,  it  was  necessary  to  thaw  the  coupling  with  water  to 
remove  frozen  mud  prior  to  uncoupling. 

The  special  coupling/uncouplinu  tests  were  conducted  on 
six  vehicles  during  23  February  to  8 March  1978  in  a gravel 
parking  lot  in  temperatures  from  18  to  45°F.  Operators  were 
experienced  and  trained,  had  performed  the  operations  before, 
and  were  equally  skilled.  The  time  records  summarized  in 
Table  2.5-3  show  the  average  times  for  five  of  the  eight  ve- 
hicles were  under  30  minutes. 

Table  2.5-4  compares  operation  times  from  the  service 
records  with  the  test  times. 
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Table  2.5-1. 


FAMECE  Fuel  Consumption 


Test  Item 

Reference  No . 

Total 

Engine 

Hours 

Total 

Fue  1 
Con- 
sumed 
(Cal) 

Con- 
sump- 
t ion 
(Gal  / 
Mr) 

Power 

Sect  ion 

Work 

Sec  t ion 

Compactor  iSD) 
See  Note  2 

T9  5 3 

T9  54 

256.6 

9 38.0 

3.65 

Compactor  (TF) 

T9  51 

T9  5 2 

283.3 

1160.0 

4.09 

Distributor 

T94 1 

T9  38 

4bb . 0 

4159.7 

8.92 

Distributor 

T9  5 7 

T9  58 

227.8 

897.7 

3.94 

Dozer 

T9  4 3 

T9  4 4 

718.0 

2552.0 

3.46 

Dumper 

T9  3 5 

T936 

1012.5 

3814.0 

3.76 

Dumper 

T9  59 

T960 

355.4 

1755.0 

4.94 

Dumper 

T9  3 5 

T942 

204.5 

786.5 

3.84 

Grader 

T939 

T940 

771.8 

2920.0 

3.78 

Grader 

T949 

T9  50 

91.9 

490.0 

5.33 

Loader 

T937 

mo 

935.8 

3355.4 

3.58 

Scraper 

T9  5 5 

T9bb 

216.2 

1046.0 

4.84 

Notes: 

1.  Fuel  tank  capacity  — 70  gallons. 

2.  Tested  In  pneumatic  mode  only  over  gravel  test  course. 


I 
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Note:  Engine  oil  changed  every  250  engine  hours. 


Table  2.5-3.  Coupl i ng/Uncoupl ing  Times; 
Service  Period  August  1977  to  March  1978 
Urom  aO-llour  Service  Records) 


Uncouple  or  Couple 
Time  (Min)  Operation 

Vehicle Date Couple  Uncouple  Average  (Min) 


S.D.  Compactor  ' 

T954 

12/15/77 

8 

Power 

Sect  ion 

T953 

1/09/78 

24 

Scraper 

T956 

12/08/77 

36 

Power 

Sect  ion 

T955 

12/14/77 

8 

12/21/78 

15 

1/30/78 

12 

3/13/78 

12 

3/20/78 

10 

Dozer  T944 

10/13/77 

N/A 

Power  Section  T943 

10/25/77 

N/A 

11/03/77 

18 

11/14/77 

N/A 

11/15/77 

N/A 

12/02/77 

N/A 

Distributor  T938 

10/21/77 

N/A 

Power  Section  T941 

11/01/77 

N/A 

11/14/77 

30 

11/22/77 

N/A 

12/02/77 

N/A 

12/15/77 

N/A 

12/21/77 

40 

Loader  T966 

9/26/77 

18 

Power  Section  T937 

10/18/77 

20 

11/05/77 

36 

11/10/77 

N/A 

11/22/77 

42 

12/16/77 

N/A 

1/10/78 

15 

1/25/78 

25 

T.F.  Compactor  T9 5 2 

12/07/77 

6 

Power  Section  T951 

12/15/77 

25 

1/09/78 

N/A 

1/25/78 

10 
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Table  2.5-3.  (Continued) 


Vehicle 

Date 

Time  (Min) 
Couple  Uncouple 

Uncouple  or  Couple 
Operat ion 
’ Average  (Min) 

Dumper  T936 

8/19/77 

18 

14 

Power  Section 

T935 

8/25/77 

90 

Total 

9/13/77 

60 

Total 

9/23/”7 

N/A 

20 

10/12/77 

20 

45 

10/17/77 

39 

53 

> 

34.5 

10/22/77 

15 

50 

11/05/77 

18 

36 

11/19/77 

12 

30 

11/29/77 

15 

50 

1/16/78 

40 

105 

1/18/78 

N/A 

30  J 

Grader  T950 

2/24/78 

6 

6 1 

Power  Section 

T9  5 9 

2/28/78 

240  *♦ 

' 15 

22.5 

3/01/78 

4 

* 

> 

(excluding 

3/04/78 

30 

30  ; 

2/28/78) 

3/07/78 

5 

5 J 

♦Coupler  frozen;  time  required  to  chip  frozen  mud. 

♦♦Lock  rim  pressures  not  within  specifications;  time  included 

[diagnosis  and  delivery  of  tools.  This  time  was  disregarded 

in  the  calculation  of  the  total  operation  average  for  the 
Grader  T950. 


i 

i 
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Table  2.5-4.  Comparison  of  Operation  Times 


Type 

Results  of 
50-Hour 

Service  Record 
Time  (min) 

Results  of 

28  Feb  to  8 Mar 
Coupling/ 
Uncoupling  Test* 
Time  (min) 

Mean 

29.9 

10 . 3 

Median 

25.0 

10.0 

Standard  Deviation 

6 . 1 

Low  Time 

4.0 

2.0 

High  Time 

105.0 

30.0 

Most  Frequent 

15.0 

10.0 

Range 

101.7 

28.0 

* High  Time  (240  minutes)  was  not  used  since  time  was  re- 
quired for  diagnosis  and  delivery  of  tools. 

A record  and  test  analysis  revealed  that  operation  times 
are  lower  when  the  operation  frequency  is  higher.  When  the 
operation  is  not  performed  frequently  (e.g.,  for  50  operat- 
ing hours) , dirt  tends  to  accumulate  in  the  mechanism,  and 
the  locking  ring  seats  preventing  the  cylinder  from  moving 
the  mechanism. 

It  is  recommended  that  the  vehicles  be  coupled  and  un- 
coupled periodically  and  the  mechanisms  cleaned. 

• 2 . 5 . 4 . 5 Other  Observations  Recorded 

In  accordance  with  the  PQT-G  Detail  Test  Plan,  para- 
graph 2.5.5  a.  through  e.,  other  characteristics  were  ob- 
served and  results  recorded  as  follows: 

a.  Mobility  - speed  runs  (Table  2.5-5). 

b.  Night  operations  (Table  2.5-6). 

c.  Shallow-water  fording  (Table  2.5-7). 

2.5.5  Analysis 

Because  DT  II  was  suspended  early,  only  five  vehicles 
had  accumulated  enough  operating  hours  for  an  adequate  eval- 
uation of  fuel  and  lubricants.  Selected  test  items,  however, 
were  subjected  to  laboratory  testing  of  fuels  and  lubricants, 
engine  inspection,  and  lubricant  analysis.  The  procedures 
indicated  that  the  oil  added  at  Clark  Equipment  Company  was 
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Scraper  — — No  known  problems.  (Total  hours  of  night  operations 

insufficient  for  definite  conclusions.) 


Table  2.5-7.  Shallow  Water  Fording  Test 
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SAlT't'Y  ANALYSIS 


2 . o . I Ij}t  rodiK’t  ion 

The  majority  ot  t lie  safety  related  ii.it  a was  collected 
during  the  contractor's  UPAT  aiul  KPT . Tin'  contractoi  ’s 
safety  statement  data  wo re  roviiw.l  toi  omissions  ami  weio 
supplemented  during  tin*  POT  by  tost  and  inspect  uni  t imium 
All  incidents  ( Ll'Ks ) were  rov  i owed  ami  summai  i.’od  in  t ho 
oporat  ional  tost  satoty  roloaso  sont  to  THCOM  pi  101  to 
start  ot  OT. 

2 . ti . 2 Object  i ves 

a.  To  determine  it  thoro  arc  hazards  to  personnel 
dm  i mi  oporat  ion,  ma  i nt  onanci* , storage,  or  transportat  ion 
of  the  test  item. 

b.  To  ensure  that  the  optimum  decree  ot  satoty  con- 
sistent with  the  military  op»>rational  requirement  is 
designed  into  the  materiel  and  equipment  (AH  Ut‘>-li>). 

c.  To  ensure  that  adequate  controls  over  idont  it  iod 
hazards  are  ost  abl  ished  in  ordei  to  protect  pi'isonnol  , 
equipment,  and  property  (AH  Uts-ltO. 

d.  To  ensure  that  the  principles  and  intent  ot  system 
satet.y  as  outlined  in  MIl.-STP-H8.JA  were  implement  ed  vim  um 
the  FAMKCK  Full-Scale  Povelopmont  Phase  tv'  obtain  tin' 
optimum  decree  ot  satoty  within  the  constraints  ot  opera 

t ional  effectiveness,  time,  and  cost  and  aie  attained 
through  the  specific  application  ot  system  satoty  manage- 
ment ami  engineering  principles. 

2.  6.3  Criteria 

The  family  of  equipment  will  bo  designed  in  accordance 
with  safety  engineering  principles  in  ordei  t o provide  a 
maximum  degree  of  safety  tv'  operator,  maintenance  porson- 
nol, and  equipment  during  all  phases  ot  development,  test 
mg,  and  t ield  utilization  (paragraph  l.'.b  ot  MN)  . The 
appropriate  safety  engineering  requirements  ot  AH  iS‘>-lt' 
and  Ml  1.-STD-8R2A  are  applicable. 

2 . t> . 4 Me  t hod 

Pat  .1  were  collected  from  tom  sources; 

a.  Equipment  examinations  by  a satoty  engineer. 

b.  Checklist  completed  by  a satoty  enginoot. 

(1)  Tub  l e 1 !'-  3 ot  PAKCOM  Pamphlet  70t'-l  U . 

(2)  Checklist  in  Appendix  XIV  ot  test  plan  it'OT). 
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c.  Completed  operator  and  maintenance  checklists. 

d.  All  EPRs . 

TOP/MTP  2-2-508,  Safety  Evaluation  (Automotive),  27  October 
1965  was  used  as  a guide  for  this  subtest.  During  all  sub- 
tests,  the  power  module,  the  work  modules,  and  the  power-work 
module  configurations  were  examined  to  determine  the  presence 
of  safety  hazards.  Particular  emphasis  was  focused  on  the 
following  areas: 

e.  Security  of  stowage. 

f.  Center  of  gravity. 

g.  hazards  due  to  moving  parts. 

h.  Adequacy  of  vehicle  lighting  and  electrical  systems. 

i.  Adequacy  of  safety  and  warning  devices  and  markings 
and  fault  location  systems. 

j.  Adequacy  of  ROPS. 

k.  Braking  characteristics  at  high  and  low  speed. 

l.  Stability. 

m.  Coupling  and  uncoupling. 

n.  Toxic  fumes  (TOP/MTP  2-2-614). 

o.  Noise  levels. 

Contractor  test  data  were  reviewed. 

2.6.5  Results 

All  data  pertaining  to  safety  and  collected  from  the 
tests  and  checklists  are  presented  in  the  following  Tables: 

Table  2.6-1,  "Safety  Incidents  and  Recommended  Improve- 
ments . " 

Table  2.6-2,  "Results  of  Safety  Evaluation  Checklist." 


Table  2.6-3,  "Safety  Checklist." 


Table  2.6-4,  "Toxic  Gas  Measurements. 
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2.6. 5.  1 


Hazard  Severity  and  Hazard  Probabili 

The  following  definitions  from  MIL-STD-882A  wore  used 
for  categorizing  hazard  severity  and  hazard  probability  for 
the  FAMECE.  These  definitions  should  be  used  for  inter- 
preting the  hazard  severity  and  probability  numbers  listed 
in  Tables  2.6-1,  2.6-2,  and  2.6-3. 

Hazard  Severity: 

Category  I - Catastrophic.  May  cause  death  or  system 

loss . 

Category  II  - Critical.  May  cause  severe  injury, 
severe  occupational  illness,  or  major  system  damage. 

Category  III  - Marginal.  May  cause  minor  injury, 
minor  occupational  illness,  or  minor  system  damage. 

Category  IV  - Negligible.  Will  not  result  in  injury, 
occupational  illness,  or  system  damage. 

Hazard  Probability: 

Level  Specific  Individ ual  It em 

A Likely  to  occur 

frequently . 

B Will  occur  several  times 

in  item's  life. 

C Likely  to  occur  some 

time  in  item's  life. 

D So  unlikely,  assumed  not 

to  occur . 

E Probability  of  zero. 


F Physically  impossible. 


Fleet  or  Inventory 

Kxper i enced 
continuously. 

Will  occur  frequently 

Will  occur  several 
t i me s . 

Unlikely,  but  possibK 

So  unlikely  assumed 
not  to  occur. 

Physical ly  impossible 
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2.6.6  Analysis 


2. 6. 6.1  General 

The  method  used  for  the  FAMECE  safety  analysis  was 
to  first  categorize  all  safety  hazards  found,  using  the  data 
acquisition  procedure  found  in  MIL-STD-882A.  Once  these 
hazards  were  categorized,  a further  breakdown  was  made  to 
determine  the  probability  of  the  hazard-producing  injury  or 
equipment  damage.  This  combined  consideration  of  the  hazard 
level  and  probability  provides  a risk  assessment  which  was 
used  to  determine  the  FAMECE  compliance  with  the  specified 
criteria.  The  risk  assessment  is  determined  through  quali- 
tative means  when  an  exact  requirement  does  not  exist.  For 
example,  the  presence  and  adequacy  of  the  fire  extinguisher 
can  easily  be  checked  but  the  existence  of  maintenance 
hazards  cannot  be  checked  against  a list  of  exact  require- 
ments. Due  to  the  qualitative  and  subjective  nature  of  the 
safety  analysis,  it  is  probable  that  some  disagreement  may 
exist  in  assigning  both  the  hazard  level  and  the  probability. 

In  addition,  the  results  of  this  safety  analysis  (hazard 
level  and  probability)  are  not  the  product  of  a hazard 
analysis  of  the  FAMECE  but  are  derived  from  test  observa- 
tions and  equipment  performance.  Not  every  possible  hazard 
that  could  occur  was  considered,  but  those  hazardous  con- 
ditions arising  out  of  the  actual  documented  use,  mainte- 
nance, and  handling  of  the  FAMECE  formed  the  source  of  our 
data . 

The  determination  of  major  incidents  or  minor  incidents  is 
based  on  existence  of  hazards  for  which  protective  measures 
do  not  exist  or  are  not  adequate. 

2 . 6 . 6 . 2 Specific  Analysis  of  Test  Results 

a.  Major  Incidents  (no  particular  order) 

(1)  Service  Brake  Lock  (Grader).  The  grader  brake  has 
been  a source  of  problems  with  adjustment,  overheating, 

and  seizing.  Both  the  Project  Manager's  Office  and  the 
manufacturer  have  addressed  the  problems,  but  complete 
freedom  from  locking  has  not  been  demonstrated. 

(2)  Accelerator  Pedal  Sticking  in  High  Idle  (Power 
Section).  The  configuration  of  the  accelerator  pedal  permits 
rocks  or  dirt  to  get  wedged  under  the  lower  edge  of  the  pedal 
(below  the  hinge  point)  preventing  the  accelerator  from 
returning  to  idle  when  pressure  is  released.  The  pedal 
system  should  be  redesigned  to  prevent  this  problem. 
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( " Fite  Fxt  i iujui  shot  l.ocat  ion  (Fowoi  Soot  ion'  , Tlu' 
looat ion  >.'1  the  tiro  oxt  1 turn  1 shot  oausos  two  problems. 

First,  it  is  located  above  the  fuel  and  01 1 t 1 l t ot s which 
themselves  are  a potential  source  ot  tire.  Second,  when 
the  Power  Soot  ion  is  in  a pullet  mode  (Pumper,  Pisttibutoi  . 
Scraper,  Compactors)  , the  ext  1 nun  i shot  can  bo  reached  only 
after  the  operator  climbs  out  ot  the  cab  and  makes  his  way 
to  the  other  side  ot  the  equipment.  The  tiro  o\t  1 nun  1 shot 
should  bo  relocated. 

b . Mi  tiot_  l no  1 dent  s 

ll)  Hood  Suppot t Arm  (Powot  Sect  ton).  This  arm  has 
boon  redesigned  with  a st it  tenet  behind  t ho  spring  mechanism, 
which  still  does  not  adequately  support  the  hood  it  bumped  int 
It  is  probable  that  the  hood  could  tall  dm  mu  maintenance 
operations,  and  it  is  the  satety  onutnooi’s  opinion  that  this 
desiutt  t eat  in  o should  bo  cot  tortoil. 

i .' ) Moldboard  Clearance  (Cinder'.  The  moldboard  has 
ropoatovlly  damauovl  the  midmount  boar  t no  eovei  ami  the 
hydraulic  linos  to  the  Hinder  work  sect  ion.  Althomih  the 
daitinue  is  not  usually  siuniticnnt,  the  clearance  problem 
occurs  ot  ton.  It  is  the  satety  onaittoor's  opinion  that 
this  dosiun  to.it  111  o should  bo  cot  rooted. 

t ))  Tailonto  Ouick-Rolonso  Pins  t Pumper).  Those  pins 
broke  and  toll  out  ot  the  tailoatu,  some t intos  a result  ot 
operator  abuse.  They  wore  replaced  by  bolts  and  nuts  with 
lookwashot s which  seemed  tv'  001  'root  the  problem.  The  pins  wil 
loquito  redos  ion  it  they  .» t » ' tv'  bo  used  aaain. 

i4'  Patkinu  brakes  tMv'st  Kv'i  k Hoot  1 v'lis ) . The  t'uikma 
brakes  have  tailovt  with  broken  aiul  stick  iitvj  mechanisms 
oablos.  The  niv'vl  i t 1 cat  i 011s  made  have  not  eliminated  the 
pt  v'blems . 

(M  btootimt  Pump  Comi'onsntoi  Adiustimi  Pluo  d'v'woi 
Feet  iv'it)  . The  avtUistimi  plmi  t ends  tv'  vibrate  out  ot 
ad  lust  mont  with  a .itavlual  K'ss  t ti  stout  1 mi  presume. 

Alt  hv'iivi  h a siviniticant  steerimi  loss  could  eventually  oeem 
(Cnteoory  11  hazard),  the'  K'ss  oxpet  tunoud  has  boon  viradunl 
aitvl  was  delected  by  the  operatoi  Iv'mi  but  ore  it  became  a 
hazard . 

1 1> ' Kami  mi  Peoa  l s il'owet  boot  ion'  . Some  decals  do 
not  adhoto  tv'  the  equipment  . Fit. hot  the  decal  mat  01  i.il  or  the 
the  adhesive  should  be  ehuttuod. 
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(71  Minot  brackets  (1’owoi  Section!.  The  brackets  break 
as  a result  of  vibration  aiul  misuse  (as  a haudboKi)  by  personnel. 
The  brackets  should  be  redesigned  tor  groatot  st length. 

181  Nonad just  able  Floodlights  (Grader,  Dumper).  Light 
reflects  oft  the  d limpet  rock  guard,  preventing  adequate 
illumination  for  grader  operations.  The  floodlight  brackets 
should  be  made  ad  lust able. 

('M  Dolly  Wheels  (Fowei  Section).  Occas  1 ona  1 1 y , personnel 
inadvertently  step  on  the  dolly  wheel,  which  turns  freely  undei 
the  weight.  A warning  label  "NO  STll'"  has  been  applied  to  the 
dolly  wheel  support  arm  but  it  is  doubt  fill  that  tins  will  be 
effective.  Some  means  should  be  found  tv'  restrain  t he  wheel. 

(10)  Stepping  Suit  aces  (Power  Section).  The  area  under 
the  fuel  anil  oil  filters  is  used  m exiting  and  entering  the 
cab  and  is  often  slippery  after  maintenance  or  t i om  leaking 
t liters.  Some  means  should  be  devised  t o prevent  oil  and 
fuel  from  draining  onto  these  suit  aces. 

(11)  Hydraulic  l.ines  (Power  Sect  ion)  . The  main  hydraulic 
luu's  tv'  thi'  work  sect  ions  run  adjacent  to  the  operator's 
compartment . The  operator  could  be  struck  by  the  hose  or  hot 
hydraulic  oil  should  the  lines  break.  Although  this  condition 
was  not  experienced  during  test,  these  hoses  should  be  re- 
strained tv'  eliminate  any  hazard. 

(l.'l  Priveshatt  (Scraper).  A broken  driveshaft  uni  vet  sal 
lv'itit  could  cause  the  driveshaft  tv'  strike  the  underside  ot 
the  operator’s  compartment.  (The  cab  structure  partially 
shields  the  operator.)  This  condition  did  not  occur  during 
testing,  but  a guard  over  the  universal  u'int  would  eliminate 
this  potential  hazard. 

(ll)  l.advler  and  Tank  Area  Around  Access  Match  (Distrib- 
utor). One  instance  was  experienced  ot  slipping  on  the  laddei 
during  wet,  muddy  test  conditions.  The  area  around  the  access 
hatch  s liv'd  1 d be  coated  with  nonskid  material,  and  the  laddei 
i ungs  should  be  nude  more  slip-resistant. 

c.  Comp l i a nee  with  Criteria 

It  is  evident  that  safety  engineering  principles  have 
been  employed  in  the  FAMECE  design.  Elimination  ot  all 
safety  hazards  in  equipment  ot  this  complexity  is  difficult  . 
However,  the  .1  major  incidents  ami  14  mi  not  incidents  can  ami 
should  be  corrected.  Once  they  are  corrected,  ami  recognizing 
the  inherent  limitations  in  this  satety  analysis,  the  criteria 
would  bo  achieved. 
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Table  2.6-1.  Safety  Incidents  and  Recommended  Improvements  (Continued) 


Table  2.6-1.  Safety  Incidents  and  Recommended  Improvements  (Continued) 


Table  2.6-2.  Results  of  Safety  Evaluation  Checklist 
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26.  Are  the  seat  belts  ariequate  ar»!  installer!  per  Yes  (in  accordance  with  manufacturer 

ST<T.  J386?  certification). 


Table  2.6-3.  Safety  Checklist 
(AMCP  706-134,  Table  15-3) 


Table  2.6-3.  Safety  Checklist  (Continued) 
(AMCP  706-134 , Table  15-3) 


Checklist  (Continued) 
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2 . 7 HUMAN  FACTORS 

2.7.1  Noise 

2. 7. 1.1  Objective 

To  determine  whether  the  sound  pressure  levels  at  the 
operator's  station  and  in  the  bed  of  the  dumper  exceed  safe 
limits . 

2. 7. 1.2  Criteria 

Noise  requirements  for  FAMECE  shall  conform  to  MIL-STD- 

1474A,  "Noise  Limits  For  Army  Materiel." 

2. 7. 1.3  Method 

The  sound  pressure  levels  were  measured  at  the  operator's 
seat  and  in  the  bed  of  the  dumper;  individual  bandwidths  from 
63  Hertz  through  8000  Hertz  were  measured  and  an  overall  noise 
level  was  calculated. 

2 . 7 . 1 . 4 Results 

Test  results  are  given  in  Table  2.7-1. 

2. 7. 1.5  Analysis 

With  the  exception  of  "IDLE"  condition,  all  sound  pressure 
level  measurements  exceed  the  85-dBa  maximum  allowable  for 
8-hour  exposure  as  specified  in  MIL-STD-1474A;  therefore,  hear- 
ing protection  will  be  required  for  the  operator  and  any 
passengers  riding  in  the  dumper  bed. 

2.7.2  Toxic  Gases 

The  toxic  gases  test  is  contained  in  the  SAFETY  section  of 
this  report. 

2.7.3  Operator  Seating 
2. 7. 3.1  Objective 

To  determine  whether  MOS-qualif ied  personnel  can  effectively 
operate  all  equipment  controls  when  seated  in  the  cab  of  the 
power  section. 
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Table  2.7-1.  Dumber  Noise  Measurements  (dBa) 


2. 7. 3. 2  Criteria 


Operator  seating  must  accommodate  a 5th  to  95th  percentile 
soldier  dressed  in  arctic  clothing. 

2 . 7 . 3 . 3 Method 

Clearances  were  measured  between  the  operator's  seat  and 
surrounding  equipment  structures  and  controls.  These  dimen- 
sions were  compared  with  the  clearances  recommended  in  MIL-STD- 
1472B.  The  reach  required  to  operate  controls  was  compared 
to  the  anthropometric  data  for  5th  percentile  soldiers. 

2. 7. 3.4  Results 

All  switches  and  controls  in  the  operator's  station  were 
within  reach  of  the  5th  percentile  soldier.  A comparison  of 
actual  clearances  and  clearances  recommended  in  MIL-STD-1472B 

is  shown  in  Table  2.7-2. 

2. 7. 3. 5 Analysis 

The  clearance  distances  from  the  operator's  seat  to 
structures  and  controls  surrounding  the  seat  meet  the  require- 
ments of  MIL-STD-1472B  and  facilitate  effective  control  of 
the  equipment  by  MOS-qualif ied  personnel;  however,  the  handle 
of  the  parking  brake  in  the  set  position  presents  an  obstruction 
to  an  operator  entering  the  cab. 
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2.7.4  Visibility 

2 . 7 . 4 . 1 Objective 

To  determine  the  adequacy  of  internal  and  external 
visibility  provided  the  operator. 

2. 7. 4. 2 Criteria 

Visibility  shall  meet  the  requirements  of  paragraphs  5.2 

and  5.12.5  of  MIL-STD-1472B.  Interior  lighting  shall  permit 
effective  operation  during  night  and  blackout  conditions. 
Caution  and  warning  lights  shall  not  "wash  out"  under  daylight 
conditions . 

2 . 7 . 4 . 3 Method 

The  external  field  of  view  (forward  and  rearward)  from 
the  operator's  eye  position  was  noted  and  compared  to  require- 
ments of  MIL-STD-1472B.  Also  noted  were  the  viewing  distances 
to  the  ground. 

The  luminance  of  the  individual  gauges  was  measured  using 
a spot  brightness  meter.  The  locations  and  visibility  of  the 
gauges  were  also  noted  and  compared  to  the  requirement. 

2. 7. 4. 4 Results 


a.  External  Visibility.  The  external  field  of  view  from 
the  operator's  seat  (without  fabric  cab  installed)  slightly 
exceeds  the  180°  minimum  requirement  of  MIL-STD-1472B.  However, 
the  operator  cannot  view  the  ground  any  closer  than  10  feet 
forward  of  the  dumper.  The  minimum  ground  viewing  distance 
varies  with  direction,  reaching  21  feet  4 inches  when  looking 
directly  over  the  hood. 

The  rearview  mirrors  provided  on  FAMECE  had  a low  surviv- 
ability rate  and  sometimes  were  missing  from  the  vehicle.  The 
plastic  windows  of  the  cab  often  became  coated  with  a residue 
of  dirt  and  water,  reducing  visibility.  The  reduced  visibility 
may  have  been  a significant  contributing  factor  in  nine  docu- 
mented (EPR)  instances  which  ranged  from  a broken  fender, 
caused  by  striking  tree  stumps,  to  a near  accident.  A second 
contributing  factor  to  poor  visibility  is  che  location  of  the 
operator.  With  the  exception  of  the  dumper,  most  industrial 
construction  equipment  designs  place  the  operator's  station 
along  the  centerline  of  the  vehicle,  whereas  in  FAMECE,  the 
operator  is  never  located  along  the  centerline.  This  results 
in  diminished  road  and  curb  side  visibi.l  ity. 
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In  addition  to  the  general  complaint  concerning 

visibility,  four  specific  visibility  problems  were  asso- 
ciated with  F AM ECU : 

(1)  Loader  operator  cannot  see  the  front  wheels. 

(2)  Dumper  operator  cannot  see  passengers  in  the  bed. 

(3)  Grader  operator  cannot  see  the  moldboard. 

(4!  Distributor  operator  has  difficulty  determining 
the  water  level  using  the  sight  gauge  provided. 

The  loader  accident  mentioned  in  the  previous  para- 
graph was  the  result  of  the  operators  not  noticing  that,  due 
to  the  slope  of  the  ground, the  front  left  tire  was  several 
inches  above  the  right  tire.  When  the  operator  raised  a 
loaded  bucket,  the  center  of  gravity  changed  and  caused  the 
loader  to  tip  over  onto  the  passenger  side. 

When  carrying  passengers  in  the  bed  of  the  dumper,  the 
operator  cannot  see  the  passengers,  and  the  passengers  have 
no  means  of  signaling  the  operator.  The  noise  levels  preclude 
shouting,  and  banging  on  the  rockguard  by  passengers  is  not 
adequate  communication. 

The  moldboard  on  the  right  side  of  the  grader  is  not 
visible  to  the  operator.  There  were  frequent  occurrences  of 
the  blade  being  moved  too  far  to  the  right  and  damaging  various 
subassemblies,  including  the  air  hose  supplying  pressure  to 
the  grader  brakes. 

The  water  distributor  sight  glass  is  located  on  the 
left  front  corner  of  the  water  tank,  requiring  the  operator 
to  look  over  his  left  shoulder  to  see  the  glass.  The  problem 
increases  when  mud  is  thrown  up  by  the  tires  and  covers  the 
sight  glass. 

b.  Internal  Visibility 

(1)  Line  of  Sight  Visibility.  All  gauges  on  the  right- 
hand  instrument  panel  exceed  the  minimum  requirements  of  45° 
from  the  normal  line  of  sight.  The  actual  angle  varies  from 
46°  to  50°  depending  on  the  height  of  the  gauge  from  the  floor 
of  the  cab  and  the  height  of  the  adjustable  seat.  This  intro- 
duces some  parallax  into  the  readings.  Included  on  this  panel 
are  the  converter  oil  temperature,  engine  lubricating  oil 
pressure,  brake  system  air  pressure,  voltmeter,  hourmeter,  and 
tachometer.  It  is  possible  for  the  operator  to  place  his  knee 
in  the  line  of  sight  of  these  gauges  and  the  associated  warn- 
ing lights.  Not  having  the  warning  lights  grouped  together 
is  a violation  of  paragraph  5. 2. 2. 1.5  of  MIL-STD-1472B.  Also, 
the  location  of  the  speedometer  away  from  all  other  gauges 
does  not  meet  requirements  of  paragraph  5. 2. 1.3. 6 of  the 
standard. 
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(2)  Lighting.  The  right-hand  panel  is  illuminated 
with  one  red  floodlight.  The  speedometer  gauge  is  provided 
with  its  own  integral  red  lighting.  The  difference  in  bright- 
ness of  the  two  lights  is  considerable.  The  speedometer 
lighting  was  so  dim  as  to  register  below  .001  foot- lamberts . 
when  measured  with  a photometer.  A determination  of  luminance 
contrast  was  not  possible  due  to  the  dimness  of  the  gauge. 

The  technician,  although  not  completely  dark  adapted,  was 
unable  to  distinguish  the  speedometer  pointer  beyond  distances 
of  8 inches.  The  floodlighting  provided  is  adequate  to  deter- 
mine the  position  of  the  various  switches  on  the  panel  but 

is  positioned  so  as  to  be  of  aid  in  the  reading  of  the  speed- 
ome  te  r . 

The  left-hand  panel  is  provided  with  white  light- 
ing. The  use  of  white  lighting  is  not  consistent  with  dark 
adaptation.  The  average  luminance  value  for  the  gauges  was 
.145  lamberts.  The  measured  contrast  ratio  was  88%.  Both  of 
these  values  meet  the  requirements  for  FAMECE.  The  warning 
lights  provided  with  each  gauge  were  originally  red  in  color; 
however,  due  to  age  and  field  use,  the  red  coating  had  worn 
off  and  the  lights  were  essentially  white  in  color.  When 
measured,  the  luminance  values  exceeded  the  range  of  the 
photometer  being. used.  This  value  (10  foot-lambcrts)  greatly 
exceeds  the  brightness  limit,  1 foot-lambert , as  listed  in 
Table  XX  of  MIL-STD-1472B.  Because  of  the  worn  condition  of 
the  red  coating  on  the  lights,  no  attempt  was  made  to  determine 
"washout"  of  caution  and  warning  lights. 

(3)  Other  incidents  noted  were: 

(a)  Both  the  tachometer  and  speedometer  experienced 
condensation  beneath  the  glass  which  interfered  with  reading 
both  dials. 

(b)  The  lamp  test  switch  is  incorporated  into  the 
start  button.  Depressing  the  button  with  the  engine  running 
tests  the  lights.  This  switch  is  labeled  only  "START,"  with 
no  mention  of  its  secondary  function. 

2 . 7 . 4 . 5 Analysis 

Operator  visibility  both  internally  and  externally  is  poor. 
This  is  especially  true  at  night  when  the  operator  cannot 
maintain  night  adaption.  The  instrument  lighting  provided  is 
poor  and  should  be  redesigned,  and  the  cab  reduces  external 
visibility  to  the  point  of  degrading  performance. 


2.7.5  Control/Display  Integration 

2. 7. 5.1  Objective 

To  determine  whether  the  location  and  grouping  of  controls 
and  displays  is  in  accordance  with  good  human  engineering 
practices  and  accepted  industry  standards. 

2. 7. 5. 2 Criteria 


The  location  and  grouping  of  controls  and  displays  shall 

meet  the  requi remen ts  of  paragraphs  5.1  and  5.4  of  MIL-STD- 
1472B  and  the  accepted  industry  practice  as  specified  in  the 
SAE  Handbook. 


2. 7. 5. 3 Method 


The  design  of  the  FAMECE  power  section  was  compared  to 
paragraph  5.1  of  MIL-STD-1472B.  The  location,  grouping,  and 
direction  of  movement  of  controls  was  compared  to  the  SAE 
handbook  for  compliance  with  industry  standards. 

2. 7.5.4  Results 


With  one  exception,  the  design  of  the  FAMECE  power  section 
meets  the  requirements  of  MIL-STD-1472B  — the  tachometer  and 
speedometer,  functionally  related  displays,  are  not  located 
near  each  other.  The  tachometer  is  located  on  the  left-hand 
panel  and  the  speedometer  on  the  right-hand  panel. 


The  general  requirements  of  SAE  have  been  met;  however, 
with  the  exception  of  the  grader,  specific  industry  standards 
do  not  exist  for  the  location  and  grouping  of  controls.  With 
regard  to  the  grader  controls,  SAE  J1071  specifies  the  direction 
of  control  movement  resulting  in  a corresponding  movement  of  the 
grader.  The  Circle  Reverse,  Circle  Side  Shift,  and  the  Blade 
Side  Shift  controls  of  the  grader  do  not  meet  the  industry 
standards.  For  example,  moving  the  "Blade  Side  Shift"  control 
forward  moves  the  blade  to  the  right;  SAE  J1071  calls  for  a 
forward  movement  of  the  control  to  move  the  blade  to  the  left. 
Other  differences  in  FAMECE  equipment  design  from  SAE  require- 
ments are: 

a.  SAE  J1071  calls  for  the  transmission  controls  to  be 
located  for  right-hand  operation;  in  FAMECE,  it  is  a left- 

hand  operation. 

b.  Just  as  in  the  other  work  sections,  the  grader  controls 
are  separated  into  groups;  however,  unlike  the  other  sections, 
where  the  controls  are  right-hand  operations,  the  position 

of  the  grader  controls  requires  operation  by  both  hands.  The 
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Left-Hand  Blade  Lift  and  the  Right-Hand  Blade  Lift  are  located 
to  the  left  of  the  steering  wheel.  The  Blade  Tilt  and  Blade 
Side  Shift  are  located  just  to  the  right  of  the  steering  wheel. 
The  Circle  Side  Shift,  Circle  Reverse,  and  the  Scarifier  are 
located  to  the  far  right  of  the  steering  wheel. 

2. 7. 5. 5 Analysis 

With  training  and  experience,  engine  sound  often  replaces 
the  tachometer  as  the  source  of  information  concerning  engine 
speed.  This  probably  explains  why  few  operators  complained 
about  the  location  of  the  tachometer. 

The  lack  of  problems  with  the  grader  controls  could 
be  due  to  the  inexperience  of  the  operators  with  other 

industrial  graders.  While  the  industrial  graders  generally 
position  the  operator  along  the  centerline  of  the  vehicle, 
the  FAMECE  operator  sits  to  one  side.  The  design  for  these 
controls  is  consistent  with  the  operator's  location  and  good 
human  engineering  principles  and  meets  the  requirements  of 
paragraph  5. 4. 1.2.1  of  MIL-STD-1472B. 
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2.7.6 


Observation 


2. 7. 6.1  Objective 

To  observe  the  human  engineering  aspects  of  FAMECE  opera- 
tion, including  ingress/egress,  normal  operation,  coupling/ 
uncoupling,  and  maintenance. 

2. 7.6.2  Criteria 


The  requirements  of  MIL-STD-1472B  and  good  human  engineer- 
ing practice.  Coupling/uncoupling  must  be  accomplished  in  a 
maximum  time  of  30  minutes  for  each  operation. 

2. 7. 6. 3  Method 


Data  were  obtained  by  observing  personnel  operating  and 
maintaining  FAMECE  and  by  reviewing  equipment  performance 
reports . 

2. 7. 6. 4  Results 


a.  Ingress/Egress.  The  ladder  is  not  centered  in  the 
entranceway  resulting  in  an  awkward  reach  for  the  handrail. 
Other  factors  which  make  ingress/egress  difficult  are: 

(1)  The  mirror  is  mounted  directly  above  the  ladder, 

causing  the  operator  to  strike  his  head  when  entering  the 
vehicle . 


(2)  The  dolly  wheels,  located  directly  below  the 
en'tranceway , offer  an  inviting  step.  Someone  trying  to  use 
the  wheels  as  steps  could  be  seriously  injured. 

(3)  The  front  lifting  eye  on  the  road  side  of  the 
dumper,  as  presently  located,  is  a tripping  hazard. 

(4)  The  cab  door  opens  across  the  entrance  platform, 
requiring  personnel  attempting  to  enter  the  cab  to  stand  on 
the  ladder  and  make  an  awkward  reach  to  open  the  door.  The 
cab  door  is  only  14.5  inches  wide. 

b.  Coupling/Uncoupling.  The  coupling/uncoupling  opera- 
tion, performed  by  two  enlisted  men  and  one  NCO,  was  carried 
out  on  level,  rough  terrain  at  night.  The  use  of  flashlights, 
in  addition  to  vehicle  lights,  was  necessary  for  task  perfor- 
mance. All  personnel  wore  gloves  rather  than  mittens. 

Coup 1 i ng /uncoup 1 i ng  operations  were  each  carried  out  within 
the  30  minute  requirement . 

c.  Normal  Operation.  The  following  problem  areas,  in 
addition  to  those  previously  mentioned,  were  observed  during 
operation . 
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(1)  The  fire  extinguisher,  located  behind  the  battery 
box,  does  not  rotate  with  the  cab;  thus  when  the  vehicle  is 
in  the  puller  mode,  the  operator  cannot  reach  the  fire  extin- 
guisher without  crossing  the  cab. 

(2)  The  tailgate  support  pins,  originally  designed  for 
removal  by  hand,  jam  and  require  the  use  of  a hammer  for 
removal.  The  pins,  located  73  inches  from  the  ground,  are 
beyond  the  71.5-inch  reach  of  the  5th  percentile  soldier. 

(3)  The  exhaust  located  at  eye  level  of  a 95th 
percentile  soldier  directs  emission  into  the  faces  of  personnel 
working  on  the  curb  side  of  the  vehicle. 

(4)  The  size  and  location  of  the  "buddy  seat"  is  inade- 
quate for  the  95th  percentile  soldier.  The  lack  of  shoulder 
clearance  (with  cab  installed)  is  aggravated  by  vibration 

from  rough  roads.  The  seat  backrest  is  10  inches  in  height, 
instead  of  the  required  18  inches. 

(5)  Operators  complained  about  the  limited  capacity 
and  slow  recovery  rate  of  the  air  reservoir  system. 

(6)  The  labeling  on  controls  peeled  constantly. 

(7)  The  body  cover  for  the  dumper  bed  was  not  available 
during  testing.  The  combined  effect  of  heat  transfer  to  the 

cold  truck  body  and  the  lack  of  a body  cover  will  cause  discom- 
fort for  personnel  riding  in  the  back  of  the  dumper. 

(8)  The  floor  of  the  bed  does  not  have  any  means  for 

securing  the  cargo  carried  along  with  passengers,  nor  does  it 
have  any  means  by  which  the  passengers  can  brace  themselve. 

(9)  Passengers  have  no  means  of  communicating  with 
the  driver. 

(10)  The  height  of  the  first  step  of  the  tailgate 
measures  27.5  inches;  the  maximum  height  according  to  MIL-STD- 
1472B  is  16  inches. 

(11)  The  steering  valve,  located  above  the  operator's 
right  foot,  has  a high  failure  rate  and  leaks  oil  onto  the 
operator's  right  foot,  the  brake,  and  the  accelerator. 

(12)  The  engine  hood  does  not  have  a positive  lock  for 
the  open  position.  A strong  wind  could  close  the  hood  and 
result  in  serious  injury  to  personnel  working  under  the  hood. 
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2. 7. 6. 5 Analysis 


The  most  serious  of  the  problems  observed  and  those 
warranting  correction  are: 

a.  Ingress/egress. 

b.  Location  of  the  fire  extinguisher. 

c.  Tailgate  support  pins. 

d.  No  method  to  communicate  between  passengers  in  the  bed 
and  the  driver. 

e.  No  positive  lock  for  the  engine  hood. 


/ 
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2.7.7  Vibration 


2.7.7. 1 Objective 

The  objective  is  to  assess  the  ride  quality  of  the  FAMECE 
at  both  the  operator's  station  and  in  the  bed  of  the  dumper. 

2. 7. 7. 2 Criteria 

The  FAMECE  ride  quality  will  be  compared  to  the  standard 
Army  5-ton  truck. 

2 . 7 . 7 . 3 Method 

Vibration  measurements  were  taken  at  two  locations  on  each 
vehicle  with  an  accelerometer.  The  locations  chosen  for  FAMECE 
were  beneath  the  driver's  seat  and  on  the  road  side  of  the 
dumper  bed,  6 inches  behind  the  axle  and  6 inches  from  the 
side  wall  of  the  bed.  On  the  5-ton,  there  is  no  free  space 
beneath  the  driver's  seat.  Therefore,  the  underside  of  the 
dash  panel  was  used  instead.  Both  the  driver's  seat  and  the 
dash  panel  are  hard  mounted  to  the  cab  of  a 5-ton  truck  and, 
therefore,  should  be  subjected  to  the  same  levels  of  accelera- 
tion. The  selected  location  for  the  bed  of  the  5-ton  corre- 
sponded to  that  picked  for  FAMECE  (i.e.,  road  side  of  the  bed, 

6 inches  behind  the  axle,  and  6 inches  from  the  side  wall  of 
the  bed) . 

In  all  cases,  the  vibration  pickup  was  placed  so  as  to 
measure  vibration  in  the  vertical  axis  only.  A frequency 
of  5 Hertz  was  chosen  for  measurement  because, as  can  be  seen 
from  Figure  36  of  MIL-STD-1472 , the  human  body  is  most 
sensitive  to  vibration  at  this  frequency. 

Both  vehicles  were  driven  over  identical  courses  at  speeds 
of  10,  15,  20,  25,  and  30  mi/h.  All  vehicles  were  driven  over 
the  same  section  of  the  course  at  the  same  speed.  The  course 
consisted  of  three  sections:  paved  road,  unpaved  road,  and 
cross  country.  The  vibration  data  were  recorded  on  tape  and 
later  plotted  on  standard  graph  paper  for  comparison. 

Along  with  the  objective  comparison  of  the  two  vehicles, 
a subjective  evaluation  was  also  done.  The  accessory  passenger 
seats  were  installed  in  the  aft  of  the  FAMECE  dumper  bed, 
and  11  members  of  an  engineer  squad  were  asked  to  ride  in 
both  vehicles  over  the  same  course  used  for  the  objective  test. 
The  engineers  carried  the  following  tool  kits  with  them  into 
each  vehicle  during  test:  Long  Pioneer,  Short  Pioneer,  Carpen- 
ter, Demolition,  and  Mine  Detector  Tool  Kits  (Figure  2.7-1). 
Army  procedure  calls  for  the  tool  kits  to  be  restrained  while 
being  transported  in  the  5-ton.  However,  since  tying  down  the 
tool  kits  was  not  the  common  practice  with  the  engineers  used 
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in  this  test,  the  kits  were  not  tied  down  in  the  5-ton 
truck.  The  FAMECE  does  not  have  provisions  for  tying  down 
equipment  carried  in  the  bed  of  the  dumper.  After  the  test, 
the  participants  were  asked  to  fill  out  a questionnaire  which 
asked  for  a comparative  rating  of  different  aspects  of  the 
vehicles. 

2. 7.7. 4 Results 

The  results  for  the  paved  and  unpaved  sections  of  the  road 
test  are  presented  in  graphical  form  in  Figures  2.7-2  through 
2.7-7. 

Because  of  the  severity  of  the  terrain  traversed  during  the 
cross-country  portion  of  the  test,  drivers  were  unwilling  to 
drive  at  any  but  very  low  speeds  (0  to  4 mi/h)  and  were  unable 
to  maintain  a constant  speed.  Therefore,  a comparison  of  the 
two  vehicles  for  cross-country  performance  was  not  completed. 

The  subjective  opinions  of  the  engineer  squad  to  the 
questionnaire  have  been  summarized  and  presented  in  Table  2.7-3. 

2. 7. 7. 5 Analysis 

As  can  be  seen  in  Figures  2.7-2  through  2.7-4,  the  FAMECE 
operator's  seat  subjects  the  occupant  to  considerably  less 
vibration  than  the  5-ton  truck.  This  result  is  obviously  due 
to  the  difference  in  construction  of  the  two  seats.  As  pre- 
viously stated,  the  driver’s  seat  in  the  5-ton  is  hard-mounted 
to  the  frame  of  the  cab.  The  operator  has  only  a few  inches 
of  cushion  material  between  his  body  and  the  source  of  the 
vibration.  The  FAMECE  seat  includes  an  adjustable  vibration 
damping  mechanism  built  into  the  seat. 

With  regard  to  the  bed  of  each  vehicle,  there  seems  to  be 
little  difference  between  FAMECE  and  the  5-ton.  Both  vehicles 
subject  passengers  riding  in  the  cargo  areas  to  high  levels  of 
vibration . 

The  responses  to  the  questionnaires  indicate  an  overall 
satisfaction  with  FAMECE  and  a clear  preference  over  the  5-ton 
truck.  This  preference  was  especially  clear  when  it  came  to 
comparing  the  vehicles  in  cross  country  travel.  Considering 
the  similarity  in  the  levels  of  vibration,  the  preference  is 
probably  best  explained  in  terms  of  the  difference  in  shape 
of  the  cargo  areas.  The  FAMECE  dumper  is  shaped  so  as  to 
provide  a distinct  bench  seat  on  either  side  of  the  vehicle. 

The  engineers  placed  their  tool  kits  in  the  bottom  of  the 
cargo  area  and  sat  on  the  steel  bench  seats  (Figure  2.7-1). 

This  arrangement  does  not  allow  the  tool  kits  much  freedom 
of  movement  and  the  high  side  walls  of  the  FAMECE  dumper  pro- 
vides a large  backrest  against  which  to  brace  oneself.  This 
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contrasts  sharply  to  the  arrangement  in  the  5-ton.  Here,  the 
troops  sat  on  their  tool  kits  which  were  placed  against  the 
side  walls  of  the  truck.  Positioned  in  this  fashion,  the 
troops  were  seated  on  boxes  which  were  not  restrained.  Also, 
the  height  differential  between  the  tool  kits  and  the  side 
walls  left  very  little  backrest  against  which  to  brace  them- 
selves . 

Three  other  points  from  the  returned  questionnaires  are 
noteworthy : 

a.  Although  required  to  carry  only  a squad  of  8,  the  11 
test  participants  generally  felt  there  was  more  than  adequate 
room  for  themselves  and  their  equipment. 

b.  The  test  was  conducted  on  a sunny  day  with  temperatures 
in  the  mid-seventies.  In  spite  of  the  pleasant  weather,  three 
soldiers  complained  about  sitting  on  bare  steel.  In  colder 
weather,  the  effect  of  body  heat  being  transferred  to  the 

cold  steel  bed  can  be  expected  to  be  considerably  more  pro- 
nounced . 

c.  Of  4 men  who  sat  with  their  backs  next  to  the  lifting 
eyes  of  the  dumper  bed,  2 asked  that  they  be  moved  to  preclude 
a head  strike. 
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Table  2.7-3.  Comparative  Rating  of  Ride  Quality 
of  FAMECE  Dumper  and  Standard  5-Ton  Truck 


NAME: 

RANK: 

YEARS  IN  SERVICE: 
YEARS  IN  MOS: 

AGE: 

HEIGHT: 

WEIGHT: 


QUESTIONNAIRE 


(RESPONSE  FROM  11  TEST  PARTICIPANTS 
ARE  ENTERED  BELOW) 


Instructions:  You  are  participating  in  a field  test  to  evalu- 

ate the  ride  quality  of  the  FAMECE  dumper.  For  each  question 
below,  please  check  the  one  column  which  most  closely 
expresses  your  opinion. 

Excellent  Good  Fair  Poor  Terrible 


Ease  of  entering  the  dumper 
bed  3 


Ease  of  loading  equipment 

into  the  bed  2 


Adequacy  of  space  for  carry- 
ing equipment  and  men  2 


Smoothness  of  the  ride  on 
concrete  road  5 


Smoothness  of  the  ride  on 
rough  terrain 

a.  Dirt  road  _4 

b.  Cross  country  _6 


6 2 


6 3 


6 2 1 


4 2 


6 1 

3 2 


How  does  the  5-ton  dump  truck  compare  with  FAMECE  as  far  as 
ride  quality? 


Concrete  road 
Dirt  road 
Cross  country 


Much  Better  Better  Same  Worse 


Much  Worse 


Comments : 


Table  2.7-3.  Comparative  Rating  of  Ride  Quality 
of  FAMECE  Dumper  and  Standard  5-Ton  Truck  (Continued) 


For  the  following  questions,  please  write  out  your  answers. 

1.  a.  While  riding  in  FAMECE,  were  you  ever  bounced  out  of 

your  seat? 

FAMECE:  Yes  - 3,  No  - 8 

5-Ton:  Yes  - 5 , No  - 1 

b.  At  any  time  were  you  worried  about  being  bounced  out 
of  the  dumper  bed? 

FAMECE:  Yes  - 1 , No  - 10 

5-Ton:  Yes  - 3,  No  - 2 

2.  How  much  did  the  equipment  placed  in  the  bed  move  around 
because  of  vehicle  vibration? 

FAMECE:  Not  very  much 

5-Ton:  A lot  more  than  FAMECE 

3.  Did  any  of  this  equipment  cause  you  concern  as  far  as  its 
moving  around  and  possibly  striking  you? 

FAMECE:  Yes  - 0,  No  - 11 

5-Ton:  Yes  - 4 , No  - 2 

4.  Do  you  have  any  recommendat ions  to  make  to  improve  FAMECE 
so  as  to  make  it  easier  in  which  to  ride? 

Three  requests  for  something  other  than  steel  to  sit  on; 
two  requests  for  moving  the  lifting  eyes;  and  three  com- 
ments concerning  dust  entering  the  bed. 


2.8  MAINTENANCE  ANALYSIS 


2.8.1  Maintainability  Indices 

2. 8. 1.1  Objective 

To  evaluate  all  maintenance  data  generated  as  a result 
of  maintenance  performed  in  support  of  the  test  items  during 
the  test  and,  based  on  these  data,  to  compute  various  maintain- 
ability indices  for  comparison  to  the  applicable  criteria. 

2. 8. 1.2  Criteria 

a.  Operator  Daily  Services  and  Inspections.  (Essential) 
Requirements  for  inspections  must  be  kept  to  a minimum. 
Before-operation  and  after-operation  checks  and  services  will 
not  exceed  an  average  of  30  minutes  each  IMN  (ED) (OMR) , para 
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n.  Scheduled  Maintenance.  (Essential)  Requirement  for 
scheduled  maintenance  other  than  operator  daily  checks  and 
services  shall  be  established  at  250  (desirable  400)  hour- 
meter  hours  or  quarterly,  whichever  occurs  first.  Such 
maintenance  shall  be  performed  in  an  average  of  6.25 
(5  desirable)  man-hours  using  only  available  organizational 
maintenance  means  and  skills  [MN  (ED) (QMR) , para  ll.k.J. 


c.  The  total  scheduled  and  unscheduled  operator,  organ- 
izationalj  and  direct  support  maintenance  shall  require  no 
more  than  0.30  man-hour  per  hourmeter  hour  of  operation  per 
vehicle  (power  section  plus  work  section) . The  approximate 
breakdown  by  various  levels  of  maintenance  is  shown  below. 
Only  the  overall  ratio  of  0.30  is  a firm  requirement  [MN  (ED) 
(QMR),  para  ll.i.(l)]. 

d.  Operator.  Maintenance  limited  to  cleaning,  lubrica- 
tion, minor  adjustments,  and  replacement  of  some  modular  and 
minor  components.  Operator  maintenance  on  any  vehicle  shall 
require  approximately  0.03  man-hour  per  hourmeter  hour  of 
operation  (exclusive  of  daily  services  and  inspection)  [MN 

(ED)  (QMR) , para  1 1 . i . ( 2 ) ] . 

e.  Organizational.  Maintenance  limited  to  minor 
adjustments  of  components  and  replacement  of  assemblies 
(e.g.,  remove  and  replace  starter  motor,  generator  assembly). 
Service  performed  on  any  vehicle  of  the  family  shall  require 
no  more  than  approximately  0.18  man-hour  per  hourmeter  hour 
of  operation  | MN  (ED)  (QMR) , para  ll.i.  (3) J . 
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f.  Direct-Support  Maintenance.  Maintenance  performed 
will  include  technical  inspection  and  support  assistance 
to  units  by  contact  teams  in  the  repair  or  replacement  of 
components,  assemblies,  and  parts.  Service  performed  on 

any  vehicle  of  the  family  shall  require  no  more  than  approxi- 
mately 0.09  man-hour  per  hourmeter  hour  of  operation  [MN  (ED) 
(OMR),  para  ll.i.  (4)  ) . 

g.  General-Support  Maintenance.  Maintenance  performed 
will  reinforce  the  direct-support  maintenance  units  and 

will  accomplish  major  end  item  repair  and  repair  of  components/ 
assemblies  for  return  to  stock.  Extent  of  repairs  will  be 
determined  by  economic  repair  limits  and  stock  status  of 
replacement  items.  When  required,  general -support  units 
provide  overflow  maintenance  support  for  direct-support 
units  [MN  (ED)  (QMR) , para  ll.i.  (5)]. 

2 . 8 . 1 . 3 Method 

All  maintenance  operations  required  during  the  testing 
were  performed  by  operators/mechanics  in  accordance  with 
the  applicable  maintenance  manuals,  using  tools  normally 
available  at  the  level  of  maintenance  specified.  Preventive 
maintenance  tasks  were  performed  at  the  intervals  specified; 
corrective  maintenance  was  limited  to  that  required  to  keep 
the  vehicle  operational.  All  organizational  and  DS/GS 
maintenance  operations  wore  monitored  to  accumulate  the 
required  data;  the  operator's  daily  checks  and  services 
were  observed  sufficiently  to  obtain  a representative  time 
to  perform  these  tasks.  The  computer-based  automatic  data 
processing  system  was  used  in  the  collection  and  processing 
of  all  maintenance-related  reliability  data.  The  following 
data  were  recorded: 

a.  Each  scheduled  an.d  unscheduled  maintenance  action, 
actual  maintenance  tasks  performed,  total  man-hours  expended, 
number  of  mechanics  used,  and  total  downtime  in  clock  hours 
for  each  level  of  maintenance. 

b.  At  the  time  of  each  malfunction:  identification  of 
the  failed  component  or  assembly,  the  availability  and  cost 
(if  known)  of  the  failed  item,  the  accumulated  operating 
time  (hours  and  miles)  of  the  test  item/system,  the  life 
(hours  and  miles)  of  the  failed  component,  and  the  conditions 
under  which  the  maintenance  action  was  performed. 

c.  Identification  of  all  parts  repaired  or  replaced  by 
noun  nomenclature,  national  stock  number,  functional  group 
number,  part  number,  or  the  manufacturer's  part  number. 
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d.  During  each  maintenance  action:  notes  on  the  adequacy 
of  tools  and  TMDE,  equipment  publications,  and  repair  parts 
used. 


e.  The  time  required  to  perform  driver/crew  checks  and 
services. 

f.  Who  performed  the  maintenance:  military  or  civilian 
mechanics. 

g.  Reasons  for  any  substantial  differences  in  maintenance 
times  for  the  same  maintenance  actions. 

h.  Vehicle  operational  mode  at  the  time  of  malfunction. 


2 . 8 . 1 . 3 . 1 Analytical  Method 


Analytical  methods  and  calculation  procedures  for  quantify- 
ing M are  contained  in  MIL-HDBK-472 , "Maintainability 
Prediction";  MIL-STD-471,  "Maintainability  Demonstration"; 

DA  Pamphlet  705-1,  "Maintainability  Engineer";  MIL-STD-721B, 
"Definition  of  Terms  for  RAM,  Human  Factors  and  Safety";  and 
AR  702-d,  "Army  RAM."  All  data  generated  during  preventive 
and  corrective  maintenance  operations  in  support  of  the  test 
items  during  testing  were  entered  on  Maintenance  Analysis 
and  Parts  Charts  in  accordance  with  the  procedures  of  TECOM 
Supplement  1 to  AR  750-1.  The  accumulated  data  were  used  to 
compute  the  following  average  maintainability  indices  for 
comparison  to  the  criteria: 


a.  Operator  Daily  Services  and  Inspections.  These  were 
computed  separately  for  before-  and  after-operation  checks 
and  services  by  dividing  the  total  time  in  minutes  for  all 
checks  and  services  by  the  number  of  daily  checks  and  services. 


b.  Frequency  of  Scheduled  Maintenance  Actions  (FSMA) : 

Total  operating  hours  up  to  last  scheduled  action 
FSMA  - Number  of  scheduled  actions 

c.  Duration  of  Scheduled  Maintenance  Actions  ( DSMA) : 


DSMA  = 


Total  active  maintenance  time  (man-hours) 

for  all  scheduled  actions 

Number  of  scheduled  actions 


d.  Maintenance  Ratio  (MR) . Computed  for  each  level  of 
maintenance,  including  overall  MR  not  to  include  GS  maintenance: 


MR 


Total  active  maintenance  man-hours 
Total  operating  test  time 


e.  If  any  of  the  maintainability  criteria  were  not  met 
using  the  above  procedures,  the  maintenance  operations 
required  during  testing  were  reviewed  to  determine  the  areas 
that  most  significantly  affect  overall  maintainability.  The 
following  computations  were  also  made  to  help  define  the 
test  item  maintainability  characteristics: 

(1)  Achieved  Availability  (Aa) 

Total  operating  test  time  

Aa  - Total  operating  test  time  + total  active 
corrective  maintenance  (unscheduled)  + 
total  active  preventive  maintenance  (scheduled) 


(2)  Moan  Time  to  Repair  (MTTR) . Computed  for  each 
level  of  maintenance,  including  overall  MTTR: 

Corrective  maintenance  clock  hours  % 

MT1R  - dumber  of  malfunctions  which  required 
corrective  maintenance 

(3)  Probability  of  Organizational  Repair  (P); 

Number  of  organizational  corrective  maintenance 

tasks 

p = Total  number  of  organizational,  DS,  and  GS 
corrective  maintenance  tasks 

(4)  Maximum  Time  to  Repair  (Mmax  ^).  Computed  for 
each  level  of  maintenance,  including  overall  Mmaxct* 

Mmaxct  = Time  that  below  which  95*  of  all  correc- 
tive maintenance  tasks  are  completed. 

For  exponential  distributions  of  MTTR, 


Mmaxct  (95*)  = 3 (MTTR), 


2. 8. 1.4 


Results 


a . Breakdown  of  Maintenance  Times 

A record  of  failed  components  and  assemblies  and  accumu- 
lated operating  times  of  the  test  item  and  failed  components 
at  the  time  of  failure  is  in  Appendix  D.  A summary  of  main- 
tenance actions  follows: 


( 1 ) Power  Section  T935  (Total  Hours)  and  Dumper  T936 


Clock 

Hours 

Man- 

-hours 

Maint  Level 

Type  of  Maint 

T9  35 

T9  36 

T9  35 

T9  36 

Crew 

Sch 

14.2 

4.4 

21.0 

5.5 

Unsch 

9.5 

2.2 

13.1 

2.2 

Org 

Sch 

27.2 

12.1 

44.2 

17.5 

Unsch 

77.7 

12.6 

126.4 

16.6 

DS 

Sch 

0 

0 

0 

0 

Unsch 

71.5 

3.1 

120.5 

6.2 

GS 

Sch 

0 

0 

0 

0 

Unsch 

0 

0 

0 

0 

(2)  Power 

Section  T935 

and  Dumper  T9 4 2 

Clock 

Hours 

Man- 

-hours 

Maint  Level 

Type  of  Maint 

T9  3 5 

T9  4 2 

T9  35 

T9  4 2 

Crew 

Sch 

0 

0.2 

0 

0.2 

Unsch 

0.4 

0.7 

0.4 

0.7 

Org 

Sch 

0 

0 

0 

0 

Unsch 

22.6 

2.6 

28.0 

2.9 

DS 

Sch 

0 

0 

0 

0 

Unsch 

55.2 

0 

98.6 

0 

GS 

Sch 

0 

0 

0 

0 

Unsch 

0 

0 

0 

0 

(3)  Power 

Section  T959 

and  Dumper  T960 

Clock 

Hours 

Man- 

-hours 

Maint  Level 

Type  of  Maint 

T959 

T960 

T959 

T9  60 

Crew 

Sch 

3.1 

2.5 

5.5 

4.2 

Unsch 

1.8 

0.1 

1.8 

0 . 1 

Org 

Sch 

0.9 

0.7 

1.8 

0.7 

Unsch 

13.8 

2.4 

9.9 

18.0 

DS 

Sch 

0 

0 

0 

0 

Unsch 

21.8 

0 

44.8 

0 

GS 

Sch 

0 

0 

0 

0 

Unsch 

0 

0 

0 

0 
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(4)  Power  Section  T937  and  Loader  T966 


Clock 

Hours 

Man- 

•hours 

Maint  Level  Type  of  Maint 

T9  37 

T966 

T937 

T966 

Crew  Sch 

14.3 

12.9 

29.7 

22.0 

Unsch 

5.7 

6 . 3 

5.7 

10.2 

Org  Sch 

21.3 

3.9 

38.3 

6 . 1 

Unsch 

86.5 

16 . 3 

148.1 

22.8 

DS  Sch 

0 

0 

0 

0 

Unsch 

10.9 

2.0 

21.1 

2.0 

GS  Sch 

0 

0 

0 

0 

Unsch 

0 

0 

0 

0 

(5)  Power  Section  T939 

and  Grader  T940 

Clock 

Hours 

Man- 

•hours 

Maint  Level  Type  of  Maint 

T9  39 

T940 

T9  39 

T940 

Crew  Sch 

6.5 

6.0 

11.0 

11.6 

Unsch 

7.5 

6.9 

9.7 

12.7 

Org  Sch 

17.3 

1.4 

24.8 

2.9 

Unsch 

40.6 

28.7 

55.6 

40.9 

DS  Sch 

0 

0 

0 

0 

Unsch 

24.2 

24.9 

42.1 

32.8 

GS  Sch 

0 

0 

0 

0 

Unsch 

0 

1.0 

0 

1.0 

(6)  Power  Section  T949 

and  Grader  T950 

Clock 

Hours 

Man- 

■hours 

Maint  Level  Type  of  Maint 

T949 

T9  50 

T9  49 

T9  50 

Crew  Sch 

0.4 

1.9 

0.6 

2.4 

Unsch 

1.0 

0.3 

1.2 

0 . 3 

Org  Sch 

10.5 

4.1 

13.6 

5.5 

Unsch 

1.7 

7.8 

3.0 

14 . 4 

DS  Sch 

0 

0 

0 

0 

Unsch 

9.1 

8.8 

12.8 

8.8 

GS  Sch 

0 

0 

0 

0 

Unsch 

0 

0 

0 

0 
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(7)  Power  Section  T943  and  Dozer  T944 


1 


Clock 

Hours 

Man- 

-hours 

Maint  Level 

Type  of  Maint 

T9  4 3 

T944 

T9  4 3 

T944 

Crew 

Sch 

16.6 

12.2 

23.5 

20.4 

Unsch 

1.9 

4.7 

2.5 

7.6 

Org 

Sch 

6.4 

6.9 

12.0 

11.7 

Unsch 

40.1 

11 . 0 

51.1 

11.0 

DS 

Sch 

0 

0 

0 

0 

Unsch 

20.5 

0 

41.0 

0 

GS 

Sch 

0 

0 

0 

0 

Unsch 

0 

0 

0 

0 

(8)  Power 

Section  T955 

and  Scraper  T956 

Clock 

Hours 

Man- 

-hours 

Maint  Level 

Type  of  Maint 

T955 

T956 

T95  5 

T956 

Crew 

Sch 

3.5 

4.6 

7.6 

10.2 

Unsch 

1.3 

0.5 

1.3 

0.8 

Org 

Sch 

0.7 

0.5 

2.1 

1.0 

Unsch 

6.4 

15.5 

8.1 

19.2 

DS 

Sch 

0 

0 

0 

0 

Unsch 

20.0 

11.2 

51.5 

19.4 

GS 

Sch 

0 

0 

0 

0 

Unsch 

0 

0.2 

0 

0.2 

(9)  Power 

Section  T941 

and  Distributor 

T9  38 

Clock 

Hours 

Man- 

-hours 

Maint  Level 

Type  of  Maint 

T941 

T9  38 

T94 1 

T9  38 

Crew 

Sch 

10.1 

4.2 

21.4 

7.9 

Unsch 

4 . 4 

2.9 

5.0 

4.3 

Org 

Sch 

9 . 3 

2.7 

12.9 

4.7 

Unsch 

49.3 

6.1 

76 . 8 

6.0 

DS 

Sch 

0 

0 

0 

0 

Unsch 

28.9 

13.2 

60.5 

22.6 

GS 

Sch 

0 

0 

0 

0 

Unsch 

0 

0 

0 

0 
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(10) 

Powe  r 

Section  T957 

and  Distributor 

T9  5 8 

Clock 

Hours 

Man- 

hours 

Maint  Level 

Type  of  Maint 

T957 

T9  58 

T9  5 7 

T9  5 8 

Crew 

Sch 

1.5 

0.8 

3.3 

1.4 

Unsch 

0.9 

0.1 

1 . 1 

0 . 1 

Org 

Sch 

0.7 

0 . 3 

1.2 

0.6 

Unsch 

0.5 

1.2 

0.6 

2.9 

DS 

Sch 

0 

0 

0 

0 

Unsch 

2.1 

3.5 

3.6 

5.9 

GS 

Sch 

0 

0 

0 

0 

Unsch 

0 

2.0 

0 

4.0 

(11) 

Power 

Section  T9 51 

and  Tampiny-Foot 

Compactor  T9 52 

Clock 

Hours 

Man- 

•hours 

Maint  Level 

Type  of  Maint 

T9  51 

T9  5 2 

T9  51 

T9  5 2 

Crew 

Sch 

2.1 

1 . 3 

4.2 

2.2 

Unsch 

1.4 

4 . 1 

1 . 4 

4 . 1 

Org 

Sch 

4.9 

1.2 

6.9 

2.0 

Unsch 

4.2 

5.4 

4 . 5 

8.6 

DS 

Sch 

0 

0 

0 

0 

Unsch 

0 . 3 

0 

0.3 

0 

GS 

Sch 

0 

0 

0 

0 

Unsch 

0 

0 

0 

0 

(12) 

Power 

■ Section  T9 5 3 

and  Smooth-Drum 

Compactor  T9 4 4 

Clock 

Hours 

Man- 

■hours 

Maint  Level 

Type  of  Maint 

T953 

T9  54 

T95  3 

T9  5 4 

Crew 

Sch 

2.9 

1.3 

5.7 

2.6 

Unsch 

0.4 

0.7 

0.4 

0.7 

Org 

Sch 

4.4 

1.0 

5.5 

1.5 

Unsch 

4 . 3 

3.9 

4.6 

4.4 

DS 

Sch 

0 

0 

0 

0 

Unsch 

7.0 

1.4 

7.0 

1 . 4 

GS 

Sch 

0 

0 

0 

0 

Unsch 

0 

0 

0 

0 
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Summary  of  Maintenance  Data 


( 1 ) Test  Sections  T9  35,  T9  36 , and  T9 4 2 


(a)  FSMA  = Q1  = 182.76 

b 

(b)  DSMA  = = 12.34 

D 


FSMA  and  DSMA  values  arc 
calculated  only  for  250- 
hour  scheduled  maintenam 


(c)  The  MRs  by  level  are  as  follows 


Level  MR 


Crew 

0.034 

Orq 

0 . 166 

DS 

0.102 

GS 

0 

Overal 1 

0 . 308 

(d)  Aa  = 1247/(  1247  + 240.4)  = 0.838 


(e)  MTTR  by  level 

is  as 

follows : 

Level 

SF1 

UAM2 

Crew 

0.9 

0.3 

Org 

1.1 

1.2 

DS 

9.3 

8.3 

GS 

0 

0 

Overall 

2.0 

1.5 

(f)  P = 39/124  = 

0.315 

(g)  Mmax  by  level  is 

as  follows: 

Level 

SF 

UAM 

Crew 

2.7 

0.9 

Org 

3.3 

3.6 

DS 

27.9 

24.9 

GS 

0 

0 

Overall 

6.0 

4.5 

SF  — system  failure 


2 


UAM 


unscheduled  active  maintenance 


(2)  Test  Sections  T959  and  T960 


(a) 

371 

FSMA  = 

= 371 

(b) 

DSMA  = i-p 

= 1.6 

(c) 

The  MRs  by 

level  are 

as  follows 

Level 

MR 

Crew 

0.031 

Org 

0.065 

DS 

0.120 

GS 

0 

Overall 

0.216 

(d) 

A a = 374/(374  + 47. 

1)  = 0.888 

(e) 

MTTR  by  level  is  as 

follows : 

Level 

SF 

UAM 

Crew 

0.1 

0.2 

Org 

0.9 

1.0 

DS 

7.1 

5.5 

GS 

0 

0 

Overall 

1.9 

1.2 

(f) 

P = 17/21  ^ 

= 0.809 

(g) 

Mmaxct  bV 

level  is  as  follows: 

Level 

SF 

UAM 

Crew 

0.3 

0.6 

Org 

2.7 

3.0 

DS 

21 . 3 

16 . 5 

GS 

0 

0 

Overall 

5.7 

3.6 
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(3)  Test  Sections  T937  and  T966 


t 


(a) 

924 

FSMA  = 

= 308 

(b) 

DSMA  = 

- = 8.4 

(c) 

The  MRs  by 

level  are 

as  follows 

Level 

MR 

Crew 

0.072 

Org 

0.230 

OS 

0.025 

GS 

0 

Overall 

0 . 327 

(d) 

A a = 936/(936  + 180 

.1)  = 0.839 

(e) 

MTTR  by  level  is  as 

follows : 

Level 

SF 

UAM 

Crew 

0.9 

0.3 

Org 

1.2 

1.6 

DS 

3.2 

4.3 

GS 

0 

0 

Overall 

1.3 

1.2 

(f) 

P = 64/67 

= 0.955 

(g) 

Mmaxct  by 

level  is  as  follows: 

Level 

SF 

UAM 

Crew 

2.7 

0.9 

Org 

3.6 

4.8 

DS 

9.6 

12.9 

GS 

0 

0 

Overall 

3.9 

3.6 

(4)  Test  Sections  T939  and  T940 


(a) 

FSMA  = 

— = 251.9 

(b) 

DSMA  = 

- = 9.23 

(c) 

The  MRs  by 

level  are 

as  follows 

Level 

MR 

Crew 

0.058 

Org 

0 . 160 

DS 

0.097 

GS 

0.001 

Overall 

0.315 

(d) 

A a = 776/(776  + 245 

. 1)  = 0. 760 

(e) 

MTTR  by  level  is  as 

shown : 

Level 

SF 

UAM 

Crew 

1.2 

0.6 

Org 

0.8 

1.1 

DS 

6.1 

6.1 

GS 

1.0 

0 

Overal 1 

1.4 

1.4 

(f) 

P = 66/74 

= 0.892 

(g) 

Mmaxct 

level  is  as  follows: 

Level 

SF 

UAM 

Crew 

3.6 

1.8 

Org 

2.4 

3.3 

DS 

18.3 

18.3 

GS 

3.0 

9.0 

Overall 

4.2 

4.2 
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(5)  Test  Sections  T949  and  T950 


r 


Test 

Sections 

T9 4 3 and  T9  4 4 

724 

(a) 

FSMA  = -~3 

— = 241.4 

(b) 

„„„„  20. 
DSMA  = — y 

2 

- = 6.73 

(c) 

The  MRs  by 

level  are  as 

fol lows 

Level 

MR 

Crew 

0.045 

Org 

0.163 

DS 

0.055 

GS 

0 

Overall 

0.263 

(d) 

A a = 743/(743  + 107)  = 

0.874 

(e) 

MTTR  by  level  is  as  follows: 

Level 

SF 

UAM 

Crew 

0.1 

0.4 

Org 

1.2 

1.3 

DS 

6.8 

20.5 

GS 

0 

0 

Overall 

1.5 

1.4 

(f) 

P = 38/39 

= 0.974 

(g) 

Mmaxct  ky 

level  is  as  follows: 

Level 

SF 

UAM 

Crew 

0.3 

1.2 

Org 

3.6 

3.9 

DS' 

20.4 

61.5 

GS 

0 

0 

Overall 

4.5 

4.2 
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(7)  Test 

(a) 

(b) 

(c) 

(d) 

(e) 


(f) 

(g) 


Sections  T955  and  T956 
221  5 

FSMA  = y — = 221.5 
DSMA  = = 3.1 


The  MRs  by  level  are  as  follows: 


Level 

MR 

Crew 

0.089 

Org 

0.136 

DS 

0 . 318 

GS 

0 

Overall 

0.544 

A a = 223/ 

(223  + 64 

.2) 

= 0.776 

MTTR  by  level  is  as 

follows : 

Level 

SF 

UAM 

Crew 

0 

0.3 

Org 

0.8 

0.9 

DS 

3.8 

5.2 

GS 

0 

0 

Overall 

1.6 

1.5 

P = 24/30 

= 0.8 

Mmaxct  ^ 

level  is 

as 

follows : 

Level 

SF 

UAM 

Crew 

0 

0.9 

Org 

2.4 

2.7 

DS 

11.4 

15.6 

GS 

0 

0 

Overall 

4.8 

4.5 
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(8)  Test  Sections  T941  and  T9  38 


777 

(a)  FSMA  = = 194.25 


(b)  DSMA  = = 4.4 

4 

(c)  The  MRs  by  level  are  as  follows: 

Level  l^JR 

Crew  0.047 

Org  0.121 

DS  0.100 

GS  0 

Overall  0.268 


(d) 

A a = 830 

(830 

+ 131 

.1)  = 0.864 

(e) 

MTTR  by  level 

is  as 

fol lows : 

Level 

SF 

UAM 

Crew 

0 . 3 

0.3 

Orq 

1 . 3 

1.6 

DS 

5.0 

8.4 

GS 

0 

0 

Overall 

1.7 

1 . 7 

(f) 

P = 34/39 

= 0. 

872 

(g) 

Mmaxct  by 

level  is  as  follows: 

Leve  1 

SF 

UAM 

Crew 

0.9 

0.9 

Orq 

3.9 

4 . 8 

DS' 

15.0 

25.2 

GS 

0 

0 

Overall 

5.1 

5.1 
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(9)  Test  Sections  T957  and  T958 


(a) 

194 

FSMA  = 

- = 194.2 

(b) 

DSMA  = 

= 1.8 

(c) 

The  MRs  by 

level  are 

as  follows 

Level 

MR 

Crew 

0.025 

Org 

0.022 

DS 

0.040 

GS 

0.017 

Overall 

0.087 

(d) 

A a = 237/(237  + 13.6 

) = 0.946 

(e) 

MTTR  by  level  is  as  follows: 

Level 

SF 

UAM 

Crew 

0 

0.2 

Org 

0.4 

0.3 

DS 

1.4 

1.4 

GS 

2.0 

0 

Overall 

1.0 

0.7 

(f) 

P = 5/9  = 0 

.556 

(g) 

Mmaxct  bY  level  is  as 

follows : 

Level 

SF 

UAM 

Crew 

0 

0.6 

Org 

1.2 

0.9 

DS 

4.2 

4.2 

GS 

6.0 

0 

Overall 

3.0 

2.1 
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(10)  Test  Sections  T951  and  T952 


(a) 

FSMA  = 

— = 236.3 

(b) 

DSMA  = 

= 8.9 

(c) 

The  MRs  by 

level  are 

as  follows 

Level 

MR 

Crew 

0.041 

Org 

0.075 

DS 

0.001 

GS 

0 

Overall 

0.117 

(d) 

A a = 293/ 

(293  + 24.9 

) = 0.922 

(e) 

MTTR  by  level  is  as  follows: 

Level 

SF 

UAM 

Crew 

1.9 

0.9 

Org 

0.4 

0.7 

DS 

0.3 

0.3 

GS 

0 

0 

Overall 

0.6 

0.8 

(f) 

P = 13/14  = 

= 0.929 

(g) 

Mmaxct  by  . 

Level  is  as 

follows : 

Level 

SF 

UAM 

Crew 

5.7 

2.7 

Org 

1.2 

2.1 

DS 

0.9 

0.9 

GS 

0 

0 

Overall 

1.8 

2.4 
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(11)  Test  Sections  T9 5 3 and  T9 5 4 


(a) 

2 37 

FSMA  = 

= 237 

(b) 

DSMA  = 

= 7.0 

(c) 

The  MRs  by 

level  are 

as  follows 

Level 

MR 

Crew 

0.040 

Org 

0.068 

DS 

0.035 

GS 

0 

Overall 

0.143 

(d) 

A a = 237/(237  + 33 

.8)  = 0.875 

(e) 

MTTR  by  level  is  as 

follows : 

Level 

SF 

UAM 

Crew 

0.2 

0.3 

Org 

0.5 

0 . 6 

DS 

3.6 

4.2 

GS 

0 

0 

Overall 

0 . 8 

0.9 

(f) 

P = 13/15 

= 0.867 

(g) 

Mmaxct  bV 

level  is  as  follows: 

Level 

SF 

UAM 

Crew 

0.6 

0.9 

Org 

1 . 5 

1 . 8 

DS" 

4.8 

12.6 

GS 

0 

0 

Overall 

2.4 

2.7 
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2. 8. 1.5  Analysis 


Paragraph  2. 8. 1.4.,  Results,  provides  summaries  of 
maintenance  times  and  maintenance  data.  Analysis  of  the 
maintenance  data  shows  that  the  maintenance  test  criteria 
were  not  met  in  all  cases.  The  scheduled  (250-hour)  mainte- 
nance required  more  than  6.25  man-hours  on  an  average  for  the 
following  vehicles: 

Average  time  for 
250-hour  maintenance 
Vehicle  (hours) 


are 


Dumper  (T9 35/T9 36/T9 42 ) 
Loader  (T937/T966) 

Grader  (T939/T940) 

Dozer  (T943/T944) 

T.F.  Compactor  (T951/T952) 
S.D.  Compactor  (T953/T954) 

Those  vehicles  that  did  not 
as  follows: 


Vehicle 

Grader  (T959/T950) 
Scraper  (T955/T956) 
Distributor  (T957/T958) 


12.34 
8 . 40 
9 .23 
6.73 
8.90 
7.00 


accumulate  250  test  hours 


Accumulated 
test  hours 

110 

233 

237 


The  only  vehicle  that  clearly  met  the  scheduled  criteria 
was  the  Distributor  (T941/T938)  with  an  average  of  4.4  hours 
for  four  scheduled  actions.  The  Dumper  (T959/T960) , Scraper 
(T955/T956),  and  Distributor  (T957/T958)  met  the  test  criteria 
with  each  only  having  one  scheduled  maintenance  task. 

The  vehicles  not  meeting  the  required  overall  maintenance 
ratio  of  .30  are  as  follows: 


Vehicle 

Overall 

MR 

Maintenance  level 
where  MR 
was  exceeded 

Dumper 

(T935/T936/T942) 

0.308 

C/F 

Loader 

(T937/T966) 

0.  327 

C/O 

Grader 

(T9  39/T940 ) 

0.315 

C/F 

Grader 

(T949/T950) 

0.569 

C/O/F 

Scraper 

(T955/T956 ) 

0.544 

C/F 

In  only  two  cases  was  the  overall  maintenance  ratio 
exceeded  by  more  than  0.027.  The  Grader  (T949/T950) 
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accumulated  only  110  hours  at  MERADCOM.  If  Clark's  test 
hours  and  maintenance  data  are  included,  the  MR  for  the 
Grader  (T949/T950)  reduces  to  0.17.  The  high  MR  for  the 
Scraper  can  be  partially  attributed  to  the  rear  drive 
problem  which  took  36  man-hours  for  repair. 

Further  analysis  of  the  data  (Aa,  MTTR , P,  and  Mmaxct>  , 
in  general,  shows  that  the  MTTR  and  Mmaxct  for  Direct-Support 
maintenance  times  was  the  primary  contributor  to  high  MR ' s . 


2.8.2  Special  Tools  and  Test  Equipment 


2. 8. 2.1  Objective 

a.  To  identify  and  evaluate  tools  and  TMDE  necessary  for 
maintenance  of  the  vehicle. 

b.  To  evaluate  the  tools  and  TMDE  only  in  areas  where 
actual  maintenance  is  performed. 

2. 8. 2. 2 Criteria 

a.  (Essential)  Design  automotive  components  to  be 
compatible  with  internal  and  external  automatic  test  equip- 
ment (ATE)  (MN (ED)  (QMR) , para  11c). 

b.  (Essential)  High  mortality  parts  that  do  not  require 
component  disassembly  and  those  designed  to  fail  when 
overloaded  shall  be  easily  accessible  and  rapidly  replaceable 
by  the  operator  using  only  OEM  tools  (MN ( ED)  (QMR),  para  llh) . 

c.  (Desirable)  Design  of  the  family  of  equipment  shall 
facilitate  maintenance  accessibility  in  a field  environment 

at  all  categories  of  maintenance,  so  that  required  maintenance 
will  be  performed  in  the  minimum  practicable  time  with  a 
minimum  variety  of  tools  and  test  equipment  (MN (ED)  (QMR), 
para  11a) . 

2 . 8 . 2 . 3 Method 

a.  All  maintenance  operations  required  during  the 
testing  were  performed  by  operators/mechanics  in  accordance 
with  the  applicable  maintenance  manuals.  Preventive- 
maintenance  tasks  were  performed  at  the  intervals  specified; 
corrective  maintenance  was  limited  to  that  required  to  keep 
the  vehicle  operational.  All  organizational  and  DS/GS 
maintenance  operations  were  monitored  to  accumulate  the 
required  data;  the  operator's  daily  checks  and  services  were 
observed  sufficiently  to  obtain  a representative  time  to 
perform  these  tasks. 

b.  Each  special  tool  or  item  of  the  test  equipment 
issued  in  support  of  the  test  item  was  examined.  Maintenance 
operations  for  which  special  tools  and  test  equipment  were 
intended  were  performed  as  required  to  keep  the  test  items 
operational.  The  special  tools  and  test  equipment  not 
routinely  used  to  keep  the  test  items  operational  were 
examined  visually.  Where  instructions  were  provided  for 

the  fabrication  of  tools  and  equipment,  only  those  tools 
and  equipment  needed  for  actual  maintenance  were  fabricated. 
Test  results  were  used  to  compile  a record  of  all  special 
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tools  and  test  equipment  (i.e.,  Test,  Measurement,  and 
Diaqnostic  Equipment  (TMDE) ) which  were  used  to  perform 
a task.  These  tools  and  TMDE  are  listed  in  Table  2.8-1. 
Instructions  for  the  tools  and  equipment  not  fabricated 
were  reviewed  and  commented  on.  The  following  were 
invest igated : 

(1)  The  feasibility  of  substituting  common  tools 
and  test  equipment  that  are  already  in  the  Army  inventory 
for  special  tools  and  test  equipment. 

(2)  The  essentiality  of  the  special  tools  and  test 
equipment  that  are  furnished. 

(3)  The  essentiality  of  special  tools  that  require 
fabrication . 

c.  Comments  pertaining  to  the  adequacy  of  each  special 
tool  or  TMDE  to  perform  the  intended  function  will  be  re- 
corded . 

2 . 8 . 2 . 4 Results 

a.  In  the  initial  maintenance  test  support  package,  no 
special  tools  were  provided.  Eleven  special  tools  were  pro- 
vided on  5 August.  The  maintenance  evaluation  conducted  at 
the  contractor's  facility  determined  that  the  16  special 
tools  identified  prior  to  the  evaluation  were  required.  Of 
the  16  special  tools,  10  can  be  field  fabricated  according 
to  the  technical  manuals. 

b.  As  the  test  progressed,  additional  special  tools 

(identified  by  in  Table  2.8-1)  were  required  to  perform 

the  necessary  maintenance  functions. 


c.  At  the  end  of  the  test,  19  special  tools  had  been 
required,  including  the  16  identified  in  the  maintenance 
ova luat ion . 

d.  A 300-lb/in^  gauge  and  a multimeter  were  required  at 
the  organizational  level. 

2. 8.2. 5 Analysis 

a.  The  MTSP  was  deficient  in  special  tools  and  TMDE  area 
in  that  these  items  were  not  all  provided  for  the  test  start. 

b.  The  basic  requirements  of  the  test  criteria  of  para- 
graph 2. 8. 2. 2 are  met.  However,  some  tools  and  diagnostic 
equipment  were  required  that  had  not  been  identified  as 
essent ial . 
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Table  2.8-1.  Tools  and  TMDE  (Continued) 
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2.8.3  Equipment  Publications 


The  equipment  publications  were  evaluated  for  adequacy 
and  content  during  all  aspects  of  the  test. 

2. 8. 3.1  Objective 

To  determine  all  essential  operating  and  maintenance 
functions,  whether  the  repair  parts  and  special  tool  lists 
are  adequate,  and  whether  the  lubrication  order  is  adequate 
and  compatible  with  the  PMCS . 

2. 8. 3. 2 Criteria 
None . 

2. 8. 3. 3 Method 

Throughout  the  testing,  the  equipment  publications  pro- 
vided in  the  maintenance  test  support  package  accompanying  the 
test  item  were  reviewed  for  accuracy  and  adequacy  and  were  com- 
pared with  the  test  item.  Manual  changes  were  reported  by  EPR. 
The  publications  were  also  compared  with  the  regulations  and 
military  standards  prescribing  the  format,  content,  and  stan- 
dards for  military  publications.  The  publications  were  checked 
for  simplicity,  clarity,  and  completeness;  checks  included: 

a.  Level  of  operating  and  maintenance  instructions 
relative  to  the  training  and  skill  of  the  operator/repairman. 

b.  Simplicity,  clarity,  sequence,  and  completeness  of 
instructions . 

c.  Adequacy  of  the  safety  instructions. 

d.  Adequacy  of  instructions  on  use  of  tools  and  test 
equipment. 

e.  Adequacy  of  the  repair  parts  list,  special  tools 
list,  and  MAC. 

f.  Format  deficiencies. 

2. 8. 3. 4 Results 

a.  Twenty  publications  were  required  for  use  during 
test.  Nineteen  of  these  contained  RPSTL's.  All  of  these 
manuals  were  provided  for  test  but  were  not  identified  in 
the  MTSP  list. 

b.  The  publications  contained  such  discrepancies  as 
incomplete  or  inaccurate  lube  orders,  drawings,  MAC'S, 
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procedures,  and  RPSTL's.  A summary  of  t-hc  adequacy  of  the 
manual  is  included  in  Table  2.8-2. 

c.  Numerous  changes  and  additions  to  the  initial  manuals, 
provided  at  the  start  of  test,  were  made  during  the  course  of 
the  test. 

d.  A listing  of  the  manuals  provided  for  DT  II  is  shown 
in  Table  2.8-3. 

2. 8. 3. 5 Analysis 

a.  MN  criteria  were  not  established  for  the  equipment 
publications . 

b.  The  results  indicate  that  the  publications  did 

not  always  reflect  the  equipment.  However,  continual  ongoing 
changes  in  the  manuals  may  have  corrected  many  of  the 
inadequacies  noted  during  the  test. 
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Legend:  Oper  = Operating,  Maint  = Maintenance;  //  = Adequate,  X = Inadequate. 


Table  2.8-3.  Equipment  Publications  Provided 

for  DT  II 


2.8.4  Repair  Parts 


2. 8. 4.1  Objective 

To  determine  the  technical  adequacy  and  appropriateness 
of  the  repair  parts  for  the  test  vehicles. 

2. 8. 4. 2 Criteria 

These  include: 

a.  (Essential)  Maximize  the  utilization  of  the  module 
concept  of  maintenance  to  enable  "repair  by  replacement" 

(MN  (ED) (QMR) , para  ll.b.]. 

b.  (Desirable)  Utilize  only  rapid-exchange  (i.e., 
plug-in/plug-out  or  twist-in/ twist-out)  components  [MN  (ED) 
(QMR) , para  11 . f . ) . 

c.  (Essential)  Utilize  throwaway  items  whenever 
feasible  to  reduce  maintenance  effort  on  expendable  items 
[MN  (ED) (QMR),  para  ll.h.]. 

d.  (Desirable)  Design  the  family  of  equipment  to 
facilitate  maintenance  accessibility  in  a field  environment 
at  all  categories  of  maintenance  so  that  required  maintenance 
will  be  performed  in  the  minimum  practicable  time  with  a 
minimum  degree  of  skill,  variety  of  tools,  tost  equipment, 
and  other  supplies  [MN  (ED) (QMR) , para  11. a.]. 


2. 8.4 . 3  Method 

The  repair  parts  usage  was  monitored  throughout  testing. 
All  maintenance  operations  were  observed,  and  difficulties 
in  installation,  alignment,  and  interchangeability  of  repair 
parts  were  noted.  Data  for  repair  parts  included: 

a.  A record  of  difficulties  in  installation,  alignment, 
and  interchangeability  of  repair  parts. 

b.  A list  of  repair  parts  that  are  replaceable  with 
common  parts. 

c.  A list  of  repair  parts  that  are  replaced,  by  noun 
nomenclature,  National  Stock  Number,  and/or  manufacturer's 
part  number. 

d.  A list  of  repair  parts  received  but  not  used,  and 
a list  of  the  parts  required  but  not  furnished  in  the 
maintenance  test  package. 
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e.  A record  of  repair  parts  listed  in  Draft  Equipment 
Publications  (DEP's)  that  are  not  compatible  with  the  test 
item  or  are  not  prescribed  at  the  correct  maintenance  level. 

2. 8. 4. 4 Results 

A total  of  41  repair  parts  that  were  required  were  not 
provided  as  part  of  the  MTSP  or  were  provided  in  insufficient 
quantities  (Table  2.8-4). 

2. 8. 4. 5 Analysis 

The  criteria  established  were  not  met.  Some  parts  were 
difficult  to  utilize  and  some  required  slight  modifications. 
As  indicated  in  the  results,  parts  were  not  available  when 
required  for  repair.  The  maintenance  task  log  printout. 
Appendix  D,  identifies  difficulties  in  installation,  align- 
ment, and  interchangeability  of  repair  parts.  Also,  the  task 
log  identifies  repair  parts  that  were  replaced  by  noun 
nomenclature,  National  Stock  Number,  and/or  manufacturer's 
part  number. 
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Table  2.8-4.  Components  Not  Available  When  Needed 
for  Repair  of  Test  Item 


Item 


Component 


Power  Section 


Grader 


Distributor 


Scraper 

Dozer 


Dumper 


Control-valve  solenoid 
Gear  lever 
Fire  extinguisher 
Axle  stop 
Dip  stick 
Alternator  belt 
Control  cable 
Actuator  control  cable 
Roll  pin 

Windshield  vision  panel 
Alternator  belts 
Fuel  pump 

Mirror  mounting  bracket 
Mirror  mounting  arm  assembly 
Emergency  parking  brake  handle 
Dummy  manifold 
Horn  solenoid 

Windshield  wiper  speed  control 
Engine  coolant  warning  light 
Torque  converter  warning  light 

Hydraulic  steering  line 
Hose  assembly 
Control  cable  pin 
Pivot  bracket 
Pivot  pin 

Hydraulic  manifold  "0"  ring 
Spray  head 

Manhole  cover  latches 
None 

Rod-end  assembly 
Pivot  pin 
Mud  flap 
Teeth 

Master  cylinder  filter 
Control  valve 
Pressure  valve 
O-ring 
Control  rod 
Quick-release  pin 
Quick- release  pin 
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Table  2.8-4.  Components  Not  Available  When  Needed 
for  Repair  of  Test  Item  (Continued) 


1 tem Component 

Compactor  (SD)  None 

Loader  Bucket  teeth 

Plunger  arm 


Compactor  (TF) 


None 


2.8.5  Design  for  Maintainability 

2. 8. 5.1  Objective 


To  determine  whether  the  test  item  meets  the  maintain- 
ability design  requirements  and  adheres  to  good  maintain- 
ability design  principles. 

2.8. 5.2  Criteria 

These  include: 

a.  (Desirable)  Design  the  family  of  equipment  to 
facilitate  maintenance  accessibility  in  a field  environment 
at  all  categories  of  maintenance,  so  that  the  required 
maintenance  will  be  performed  in  the  minimum  practicable 

time  with  a minimum  degree  of  skill  [MN  (ED) (QMR) , para  ll.a.]. 

b.  (Essential)  Design  to  prevent  malfunctioning  and 
damage  to  controls  and  linkage  due  to  freezing,  dirt,  and 
mud  accumulation  [MN  (ED) (QMR) , para  ll.e.]. 

c.  (Essential)  High-mortality  parts  that  do  not 
require  component  disassembly  and  those  parts  designed  to  fail 
when  overloaded  shall  be  easily  accessible  and  rapidly 
replaced  by  the  operator  using  only  OEM  tools  [MN  (ED) (QMR, 
para  11 . h . ] . 

d.  (Essential)  Sealed,  self-lubricating,  or  dry-type 
bearings  will  be  used  in  locations  on  equipment  not 
accessible  for  lubrication.  (Desiraole.)  Maximum  use  will 
be  made  of  these  devices  [MN  (ED) (QMR,  para  1 1 . d . ] . 

e.  (Essential)  Enqine  accessories  such  as  starter 
motor,  generators,  injector  pump,  fuel  pump,  turbocharger 
and  similar  items,  must  be  easily  accessible  for  repair 
and/or  replacement  at  the  organizational  level  [MN  (ED) (QMR, 
para  11.1.]. 

2 . 8 . 5 . 3 Method 

The  maintenance  operations  were  monitored  continuously 
to  note  factors  pertaining  to  ease  of  maintenance.  The 
test  item  was  examined  for  adherence  to  good  maintainability 
design  principles.  Those  operator  and  scheduled  organizational 
preventive  maintenance  services  that  are  required  during 
the  test  (for  the  test  items  and  the  comparison  equipment) 
were  performed.  Unscheduled  organizational  maintenance 
operations,  direct-support  maintenance  operations,  and 
general-support  maintenance  operations  were  performed  as 
required  to  keep  the  test  items  operational.  These  include: 
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a.  A record  of  commments  on  design  considerations  for 
ease  of  access  to  components  and  test  points  and  the  use  of 
modular  construction,  simple  fault-isolation  indicators, 
and  protective  devices  to  prevent  damage  during  maintenance 
of  the  test  items. 

b.  A record  of  comments  on  design  considerations  for 
ease  of  maintenance,  maximum  utilization  of  interchangeable 
and  throwaway  components,  minimization  of  maintenance  and 
supply,  compatibility  of  maintenance  operations  with  common 
tools,  and  easy  removal  of  major  components  and  individual 
units  of  the  test  items. 

c.  A record  of  the  time  required  for  all  services  and 
maintenance  operations  performed  on  the  test  items. 

2 . 8 . 5. 4 Results 


a.  A record  of  the  time  required  for  all  services  and 
maintenance  operations  performed  on  the  test  item  is  in  the 
maintenance  printout,  Appendix  D. 

b.  Design  characteristics  and  components  which  adversely 
affected  maintenance  operations  or  generated  excessive 
maintenance  or  supply  requirements  and  maintenance  tasks 
and  operations  that  required  excessive  time  to  perform  are 
described  below: 

(1)  Power  section  cover  retaining  bolts — difficult 
access;  task  requires  two  people. 

(2)  Master  cylinder  on  power  units  — inaccessible; 
step  plate  must  be  removed  for  access. 

(3)  Water  distributor  side  suction  hose — difficult 
to  remove . 

(4)  Grader  blade  movement — no  stops;  causes  damages 
to  hoses,  air  manifold  dust  cover  assembly,  and  front  drive 
clutch  assembly. 

(5)  Power  and  work  section — occasionally  difficult 
to  uncouple/couple;  requires  excessive  time  (greater  than  30 
minutes).  (See  paragraph  2.5,  "ENDURANCE  (PQT-G)  TESTING," 
for  further  description.) 

(6)  Steering  valve  — difficult  to  repair  and  remove; 
access  panel  would  expedite  repair. 

(7)  Vulnerability  of  components  to  damage  (see 
Table  2.8-5) . 
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2. 8. 5. 5 Analysis 


The  criteria  established  in  paragraph  2. 8. 5. 2 were  not 
met.  Accessibility  to  some  parts  was  difficult.  Design  in 
some  areas  caused  excessive  wear  of  components.  Table  2.8-5 
identifies  those  vulnerable  components  which  contributed  to 
unnecessary  maintenance  actions/hours. 


2.8.6  Safety  Aspects  of  Maintenance  Opera t ions 

2 . 8 . 6 . 1 Obj  ective 

To  determine  if  the  test  item  incorporates  safety 
features  that  allow  maintenance  operations  to  be  performed 
without  injury  to  personnel  or  damage  to  the  test  item. 

2 . 8 . 6 . 2 Criteria 

(Essential)  Safety  engineering  criteria.  The  family 
of  equipment  will  be  designed  in  accordance  with  safety 
engineering  principles  to  provide  the  maximum  degree  of  safety 
to  operator,  maintenance  personnel,  and  equipment  during  all 
phases  of  development,  test,  and  field  utilization.  The 
appropriate  safety  engineering  requirements  of  AR  385-16 
and  MIL-STD-882  are  applicable  (MN  (ED) (OMR),  para  12.b.]. 


2 . 8 . 6 . 3 Method 

The  safety  aspects  of  all  maintenance  functions  per- 
formed throughout  the  test  were  observed.  Safety 
inspections  were  performed  and  the  findings  recorded.  These 
inspections  to  check  for  the  required  guards  and  the 
adequacy  of  warning  and  instruction  plates  included: 

a.  A record  of  comments  on  the  lack  of  adequate  or 
inoperable  safety  features. 

b.  A record  of  notes  of  inadequate  and/or  poorly 
located  warning  and  instruction  plates. 

c.  A record  of  any  hazardous  conditions  encountered 
while  performing  required  maintenance  actions. 

d.  A record  of  the  use  of  toxic  materials  for  service 
or  maintenance. 

2. 8. 6. 4 Results 

The  only  safety  aspect  of  the  maintenance  operations  was 
ease  with  which  the  hood  brace  can  be  bumped,  releasing  the 
hood.  The  hood  fell  on  a mechanic  during  a repair  function. 
A later  modification  by  the  contractor  attempted  to  correct 
this,  however,  the  effectiveness  of  the  modification  was  not 
proved  conclusively. 

2. 8. 6. 5 Analysis 

The  criteria  established  in  paragraph  2. 8. 6. 2 were  met 
with  the  exception  of  the  hood  brace.  The  hood  brace  should 
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be  designed  so  as  to  make  repair  under  the  hood  safer.  Para- 
graph 2.6,  "SAFETY  ANALYSIS,”  contains  additional  information 
concerning  safety  aspects  in  general. 

2.8.7  Human  Factors  Aspects  of  Maintenance  Operations 

2 . 8 . 7 . 1 Objective 

To  determine  the  degree  of  compatibility  between 
maintenance  personnel  and  test  item. 

2. 8. 7. 2 Criteria 

(Essential)  The  family  of  equipment  shall  be  designed 
in  accordance  with  sound  human  factors,  sound  engineering 
principles,  and  in  conformity  with  the  following  standards: 

a.  MIL-STD-1472A , "Human  Engineering  Requirements  for 
Military  Systems,  Equipment  and  Facilities." 

b.  MIL-H-46855, "Human  Engineering  Requirements  for 
Military  Systems,  Equipment  and  Facilities.  " 

c.  USAHEL  STD  S-6-66 , "Design  Standards  for  Wheeled 
Vehicles. " 

d.  MIL-STD- 1474 , "Noise  Limits  for  Army  Materiel." 


2 . 8 . 7 . 3  Method 

Repairmen  were  observed  and  interviewed  to  obtain  the 
bulk  of  the  required  data.  Any  data  lending  itself  to 
quantitative  measurement  were  also  obtained.  The 
accumulated  data  consisted  of: 

a.  Adequacy  of  hoisting,  lifting,  and  towing  facilities. 

b.  Ease  of  operations. 

c.  Physical  effort  required  for  performance  of  duties. 

d.  Adequacy  of  working  space. 

e.  Simplicity  in  servicing  and  performing  maintenance 
duties . 

f.  Effects  of  engine  fumes  on  mechanics. 
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2 . 8 . 7 . 4 Results 


The  human  factor  aspects  of  maintenance  were  as  follows: 

a.  Hose  assembly  — difficult  to  remove  because  of  hose 
thickness,  stiffness,  and  resistance  to  bend;  requires  two 
men  to  install. 

b.  Control  rod  — excessive  force  required  to  move  through 
fH>int  of  component  actuation. 

c.  '■'.lease  gun  — very  difficult  for  one  individual  to 
use;  difficult  t o hold  tin*  extension  on  the  fitting  and 
apply  pressure  to  the  trigger. 

2 . 8 . 7 . 5 Ana lys l s 

The  human  faetoi  aspects  of  maintenance  met  the  criteria 
of  paragraphs  2.8.  .2. a through  d.  However,  those  items 
identified  in  paragraph  2. 8. 7. 4 represent  areas  for  improve- 
ments in  human  factor  considerations. 


♦ 


2-ll>2 


2.9  RELIABILITY  ANALYSIS 


2.9.1  Objectives 

a.  To  estimate  mission  and  system  MTBF  of  the  power 
section,  the  work  sections,  and  the  combined  power-and-work 
sections . 

b.  To  present  point  estimates  and  80%  confidence  inter- 
vals of  the  mission  and  system  reliability  for  each  power 
section,  work  section,  and  for  the  combined  power-and-work 
sect  ions . 

2.9.2  Criteria 

The  FAMECE  system  shall  have  a minimum  acceptable  value 
(MAY')  of  MTBF  comparable  to  existing  military  construction 
equipment.  Current  estimates  of  MAV  and  best  operational  capa- 
bility (BOC)  are  55  and  95  hours,  respectively  IMN  (ED)  (QMR,  para 
9.  . ( 18)  (a) , (b) ] . The  typical  mission  duration  for  any  member 

of  the  family  will  be  10  hours  [MN  (ED) (QMR) , para  2.b. (1)]. 

2.9.3  Method 

The  FAMECE  was  tested  in  accordance  with  Appendices  III 
to  X of  the  PQT-G  Test  Plan,  dated  25  October  1977.  Scoring 
conferences  were  held  at  intervals  throughout  the  testinu 
period  at  which  time  incidents  were  scored  against  the  FAMECE 
failure  definition  (see  Appendix  XV,  PQT-G  Test  Plan).  Equip- 
ment Performance  Reports  (EPRs)  considered  in  this  report 
FB-1  through  FB-1118  from  PQT-G  testing  from  29  July  1977  to 
17  March  1978.  Approximately  1200  hours  of  similar  endurance 
testing  performed  by  CEC  is  not  included.  All  failures  are 
included  in  this  analysis  regardless  of  whether  or  not  they 
resulted  in  modifications  or  corrections  to  the  equipment. 

The  vehicles  were  tested  in  various  modes  of  operation  in 
accordance  with  the  mission  profile  in  MN  (ED) (QMR),  paragraph 
2.b.(2)  as  follows: 


I tern 

Task  Pore 

Dozer 

(TT 

Earthmoving  (dozing) 

6 0 

Stockpi 1 inq 

15 

Push  loading 

5 

Towing 

5 

Travel 

10 

Mi seel laneous 

5 

2 — 1 1»  3 

i 


Loader 


Stockpilinq  20 

Earthmoving  (loading)  65 

Travel  10 

Miscellaneous  5 

Scraper 

Earthmoving  (scraping)  80 

Hauling  (construction  materials)  5 

Travel  10 

Miscellaneous  5 

Dumper 

Tow i ng  5 

Earthmoving  (hauling)  50 

Hauling  (construction  materials  and 

general  cargo)  30 

Travel  (including  transporting  squad 

personnel  and  tools)  15 


Grader 

Road  maintenance 
Spreading  and  leveling  fil 
Ditching 
Travel 

Miscellaneous 

Compactors  (T.F.  and  S.D.) 

Embankment  compaction 
Base  course  compaction 
Asphalt  compaction 
Vibratory  mode  compaction 
Travel 

Distributor 

Hauling  water 
Distributing  water 
Travel 

This  mission  profile  was  fol loved 
during  testing,  but  because  of  env 
safety,  etc.,  slight  deviations  ,e 
tions  during  periods  of  freezing  te  i p«.  ratures)  were  made. 
Exceptions  are  outlined  in  paragraph  2.5,  "ENDURANCE  (POT-G) 
TESTING. " 


50 

20 

10 

10 

10 


30 

30 

10 

20 

10 


35 

55 

10 


as  closely  as  possible 
’ rcniiii  nt.ai  conditions, 

>• . water  spraying  opera- 
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2.9.4  Data  Collection 


Data  collectors  at  the  testing  sites  maintained  logbooks 
of  all  incidents,  maintenance  performed,  and  other  relevant 
information  related  to  each  vehicle  during  testing.  Data 
from  these  logbooks  were  then  used  to  generate  EPRs  and 
Maintenance  Task  Logs  (MTLs) . The  EPRs  were  used  by  the 
scoring  conferees  to  assess  incidents  against  the  scoring 
criteria.  The  MTLs  were  added  to  a computer  file  to  create 
a data  base  of  all  maintenance  actions  performed  on  the 
vehicles . 

The  following  data  were  required  for  reliability  analysis 

a.  A record  of  all  incidents  (EPRs). 

b.  The  testing  agencies  scoiing  determination  including 
mission  criticality  factors  (MCFs) . 

c.  Operating  hours  for  each  section 
2.9.5  Analysis 

2. 9. 5.1  Reliability  Parameters 

Tables  2.9-1,  2.9-2,  and  2.9-3  show  the  FAMECE  failure 
data  compared  with  three  calculated  reliability  parameters: 
MTBF , reliability  for  a 10-hour  mission,  and  80%  confidence 
intervals  for  the  MTBF  and  reliability.  As  shown  in  the 
tables,  three  of  the  vehicles  were  tested  an  insufficient 
number  of  hours  to  give  an  adequate  sampling.  Failure  data 
are  divided  into  three  groups:  system  failures,  mission  fail- 
ures, and  mission  failures  with  MCFs  applied.  Each  of  these 
groups  is  arranged  by  power  section,  work  section,  and  com- 
bined vehicles.  A point  estimate  of  MTBF  is  calculated  for 
each  piece  of  failure  data  as  follows: 


Where : 

PE  = Point  estimate  of  MTBF 
T = Total  operating  time 
R = Number  of  failures 
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Assuming  that  the  time  between  failures  follows  the 
exponential  distribution,  point  estimates  of  reliability 
for  a 10-hour  mission  can  be  obtained  using  the  calculated 
MTBF ' s : 


R(10)  * exp  - d*) 


Who  re : 


R ( 1 0 ) * Reliability  (probability  of  completing  a 
10-hour  mission  without  failure) 

T * Mission  time  » 10  hours 

The  MTBF ' s and  reliabilities  calculated  previously  are 
only  point  estimates  of  the  true  values  for  these  parameters. 
Eighty  percent  confidence  intervals  have  been  calculated  for 
the  mission  MTBF ' s and  mission  reliabilities.  These  are 
intervals  which  have  an  80*  probability  of  containing  the  true 
MTBF  or  reliability.  The  80*  confidence  interval  for  MTBF 
is  calculated  as  follows: 


Jr  MTBF 


P - 


(N-\l,  2r) 


MTBFr 


Jr  MTBFp 
(x2.9,  Jr) 


Where : 


r - Number  of  mission  failures 

MTBFr  = Real  MTBF 

MTBFp  = Point  estimate  of  MTBF 

( . l , 2r)  = Value  from  \2  distribution 


A similar  formula  is  used  to  obtain  the  80*  confidence 
interval  for  the  reliability  for  a 10-hour  mission: 


-5  <XJ.l,  2r) 
r MTBF. 


exP  »-  MTne  R(10)  exp  r MTOF 


5 ( X”  . 9 , JrJ 
P 


Where : 

R ( 1 0) 


True  reliability  for  a 10-hour  mission 


2 - 1 1>  t> 


2.9. 5.2 


Pattern  Failures 


a . Power  Sections 

The  following  pattern  failures  were  observed  on  most 
of  the  power  sections  throughout  the  test  period: 

(1)  Dolly  wheels  drifting  down.  This  was  a problem 
until  a gate  valve  was  installed  in  the  wheel  hydraulic  ac- 
tuating system. 

(2)  Coupler  ring  seating.  During  operations,  fine 
particles  of  dust  and  small  stones  became  wedged  in  the  ring, 
making  uncoupling  and  coupling  difficult. 

(3)  Transmission  solenoid.  A solenoid,  part  number 
236402,  used  to  control  the  transmission  failed  several  times, 
leaving  the  vehicle  immobile.  Apparently,  moisture  inside 
the  solenoid  caused  it  to  short  circuit.  An  improved  sole- 
noid with  a better  seal  was  installed  as  each  old  one  failed. 
Because  they  were  not  all  replaced  at  the  same  time,  it  is 
difficult  to  determine  if  the  new  parts  are  adequate. 

(4)  Steering  control  valve.  Several  valves  leaked 
hydraulic  oil  on  the  operator's  feet.  A CEC  seal  kit  appar- 
ently solved  the  problem  as  valves  failed. 

(5)  Fuel  pump.  Fuel  pumps  with  cracks  in  the  housings 
were  replaced  on  several  sections. 

b.  Work  Sections  with  Power  Sections 


The  following  pattern  failures  were  observed  on  the 
work  sections  and  associated  power  sections  during  the  test- 
ing period: 

(1)  Dumpers  (T936,  T960,  T942).  The  quick-release 
pin  on  the  tailgate  often  vibrated  loose  and  fell  out.  The 
pin  was  replaced  with  a nut  and  bolt  as  a temporary  "fix." 

At  this  time,  the  fix  is  considered  a permanent  modification. 

The  jam  nut  on  the  parking  brake  came  loose  twice 
on  T936.  There  were  three  instances  of  the  parking  brake 
being  out  of  adjustment  on  vehicles  T936  and  T960. 

(2)  Loader  (T966) . The  bucket  control  rod  broke  on 
three  occasions. 

(3)  Graders  (T940,  T950).  A serious  problem  exists 
on  the  graders;  the  moldboard  damaged  surrounding  parts  on 


F 


i 
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many  occasions  because  the  operators  could  not  see  it.  Air 
hoses,  disconnet  levers,  air  manifolds,  and  transfer  case 
covers  were  damagec.. 


The  service  brakes  were  locking  and  dragging. 
Modifications  and  fixes  were  made  but  have  not  been  proved. 

There  were  numerous  problems  with  hydraulic 
leaks  on  the  graders  involving  hoses,  fittings,  and  mani folds . 

There  were  two  instances  on  T940  of  the  rear 
axle  stop  breaking  at  the  weld,  causing  the  grader  to  tilt 
to  the  left. 

There  were  two  instances  on  T940  of  the  moldboard 
developing  a crack. 

(4)  Distributors  (T938,  T958).  There  were  no  appar- 
ent pattern  failures  with  the  distributor  work  sections.  On 
associated  power  section  T941,  there  were  three  cases  of  the 
parking  brake  coming  out  of  adjustment  and  two  cases  of  the 
fan-hub  adjusting-screw  breaking  or  becoming  loose. 

(5)  Dozers  (T944,  T946).  There  were  two  failures  of 
the  adjustable  tilt  link  on  T944.  One  involved  the  thread 
rod  bending;  the  other  involved  the  adjustable  tilt  link  un- 
winding, thus  damaging  the  bushings. 

There  were  two  incidents  where  the  mechanics  in- 
advertently switched  two  air  hoses  on  the  midmount  pnematic 
actuator.  The  manual  does  not  indicate  where  each  hose  is 
supposed  to  be  placed. 

Failures  were  charged  twice  to  T9 4 4 when  the  end 
bits  were  worn  and  no"  replacements  were  available. 

(6)  Scrapers  (T948,  T956).  Nine  out  of  31  system 
failures  for  scraper  T948  can  be  attributed  to  problems  with 
the  hydraulic  drive  system.  There  were  instances  where  hoses 
and  cap  screws  vibrated  loose  causing  leaks,  and  one  instance 
where  the  pump  actuator  adjustment  screw  vibrated  loose 
causing  the  loss  of  power  to  the  scraper  wheels. 

The  ejector  roller  mount  weld  failed  on  two 

occasions . 

(7)  T.F.  Compactor  (T951,  T952) . The  power  section 
used  with  T951  had  hydraulic  leaks  in  the  area  of  the  bypass 
valve.  There  were  three  failures  of  a section  of  flared 
tubing  and  three  failures  of  a hose  on  the  valve. 
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There  were  occasions  when  the  plates  on  the 
cleaner  bars  came  off.  Apparently,  the  plates  vibrate  loose 
and  the  tamping  feet  knock  them  off. 

(8)  S.D.  Compactor  (T954).  The  straps  on  the  drum 
leaf  springs  failed  at  their  welds  on  three  occasions. 

There  were  two  instances  of  cap  screws  coming 
loose  around  the  drum  assembly.  Apparently,  this  is  caused 
by  vibrations  when  the  vehicle  is  operating  in  the  vibratory 
mode . 


The  tire  scraper  blade  locking  arm  broke  off  on 
two  occasions.  The  locking  arm  has  too  much  free  play  and 
bounces  out  of  the  "disengage"  position. 

Pattern  and  single-incident  failures  are  discuss- 
ed in  detail  in  Appendix  C,  arranaged  as  major  and  minor  in- 
cidents . 
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Table  2.9-1.  Vehicle  System/Mission  Failures 


MCF  - Mission  Criticality  Factors 

P.S.  - Power  Section;  W.S.  - Work  Section;  Veh.  - Vehicle 
* Not  tested  at  MERADCOM. 

**  Insufficient  hours  to  perform  a meaningful  assessment. 


Table  2.9-3.  Vehicle  System/Mission  MTBF 
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2.10  DURABILITY 


2.10.1  Objectives 

a.  To  determine  if  there  are  durability  deficiencies  on 
the  FAMECE  system. 

b.  To  demonstrate  the  specific  durability  of  each  major 
component. 

c.  To  demonstrate  the  adequacy  of  changes  to  the  major 
components. 

2.10.2  Criteria 

A durability  failure  is  defined  as  any  malfunction  that 
prevents  the  item  from  performing  its  prescribed  function  as 
a result  of  wear  and  which  requires  repair,  overhaul,  or  re- 
build at  General-Support  or  higher  level  maintenance.  Each 
of  the  major  component  groups  listed  below  shall  have  a 50% 
probability  of  completing  the  hours  of  operation  specifified 
in  the  Test  Plan  without  a durability  failure: 

Major  Component  Hours  of  Operation 

Power  train  1250 

Engine 

Transmission 
Differential  and  axle 


Coupling  mechanism  1000 
Hydraulic  motors  1000 
Hydraulic  pumps  1000 
Hydraulic  cylinders  1000 


2.10.3  Method 

The  FAMECE  was  tested  in  accordance  with  Appendices  III 
to  X of  the  PQT-G  Test  Plan,  dated  25  October  1977.  A 
scoring  conference  was  to  determine  which  failures  were 
durability  failures  based  on  a record  of  all  failures  and 
the  total  operating  time  (in  hours) . 

2.10.4  Results 

To  date,  the  durability  failures  have  not  been  identified 
by  the  FAMECE  scoring  conferees;  therefore,  the  durability 
parameters  are  not  presented. 
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2.10.5  Analysis 


Once  the  durability  information  is  provided,  five  calcula- 
tions will  be  performed,  one  for  each  major  component  group. 

If  the  probability  of  completion  is  equal  to  or  greater  than 
50%  for  a given  group,  that  group  meets  the  durability 
criteria.  The  probability  of  each  major  component  meeting 
the  specified  criteria  is: 


Where : 


P = Probability  of  completion. 

X = Number  of  components  within  the  specified  time  for 
a component  group. 

N = Number  of  failures  in  the  given  component  group 
that  have  operated  for  the  specified  time. 
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2.11  FINAL  INSPECTION 


2.11.1  Objectives 

a.  To  determine  if  any  defects  were  caused  during  prior 
tests  and  were  not  detected  before  the  final  inspection. 

b.  To  prepare  the  test  items  to  the  required  shipping 
code  before  shipment. 

c.  To  conduct  a limited  teardown  inspection,  as  required, 
in  those  areas  where  test  operation  indicates  a need  for  a 
more  detailed  investigation. 

2.11.2  Criteria 

None . 

2.11.3  Method 

Each  test  item  was  inspected  against:  the  checklists  pro- 
vided in  the  Operator's  and  Organizational  Maintenance  Manual, 
the  inspection  checklist  provided  in  PQT-G,  and  EPRs  and  various 
data  generated  and  logged  during  the  testinq  program. 

Teardown  was  conducted  only  where  scheduled  service, 
repair  to  serviceable  condition,  or  modification  was  dictated. 

2.11.4  Result s 

Modifications  and  necessary  repairs  were  made  to  restore 
test  items  to  serviceable  condition.  (Serviceable  condition 
meaning  that  detected  seeps,  cracks,  and  similar  conditions 
would  not  worsen  prior  to  the  next  scheduled  maintenance  or 
the  end  of  the  total  test  including  OT.)  In  some  instances, 
detected  defects  could  not  bo  corrected  because  spare  parts 
were  not  available.  Time  did  not  permit  teardown  solely  tor 
inspection.  Further,  this  would  have  interfered  with  the 
collection  of  reliability  and  maintenance  data. 

2.11.5  Ana lys is 

Although  the  test  items  were  inspected  at  MERADCOM  prior 
to  shipment  to  the  Fort  Bragg  (OT)  test  site,  many  reportable 
EPR  incidents  and  maintenance  actions  occurred  as  a result  of 
the  inspection  and  interpretation  of  serviceable  condition 
prior  to  the  operational  test  conducted  at  Fort  Bragg  by  OTEA 
personnel.  These  incidents  were  collected,  reported,  and 
scored  as  part  of  the  PQT-G. 
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Table  2.11-1.  FAMECE  Engineer  Change  Notices 
Accomplished  Prior  to  the  Start  of  OT  II 


Section 

FCN  No. 

Descript  ion 

Power 

1303 

Transmission  neutral  solenoid 

Power 

1369 

Hood  latch 

Power 

1396 

Fuel  tank  mounting  bracket 

Power 

1417 

Electromagnetic  interference  suppressors 

Power 

1445 

Dolly-wheel  cylinder  hose 

Powe  r 

1455 

Dolly-wheel  cylinder  valve,  shutoff 

Powe  r 

1488 

Lock  plate  modification 

Power 

1514 

Battery  cable  rerouted 

Dozer 

1525 

Tilt  link 

Power 

1540 

Transmission  dipstick  pipe  (Dozers  PS  107 
& 109) 

Dozer 

1559 

Winch  cable  guide 

TF  Compactor 

1563 

Tamping- foot  drum  cleaners 

Compactors 

1567 

Dirt  shield,  drum  lift  switch 

Power 

1578 

Air  throttle  modification 

Dozer 

1587 

Winch  assembly  modification 

Scraper 

1596 

Storage  for  propshaft 

Powe  r 

1599 

Rifle  mount 

Power 

1602 

Cab  mirrors 

Powe  r 

1613 

Compressor  outlet  hose 

Scraper 

1614 

Pump  propshaft 

Power 

1617 

Throttle  linkage 

Power 

1618 

Rotate  speed  limiter 

Powe  r 

1628 

Tachometer  drive  (deferred  on  PS  104, 

105  i 106) 

SD  Compactor 

1629 

Add  locks,  cut  hole  in  strut 

Power 

1638 

High-inertia  flywheel  (PS  106  & 108) 

SD  Compactor 

16  39 

Tire  cleaner  lock 

Grader 

1660 

Lift  cylinder  mounting  bolt 

Grader 

1 666 

Convex  mirrors 

Loader 

1672 

Boom  locking  bar  pin  alignment 

Powe  r 

1682 

Remove  bottom  rung  of  ladder 

Grader 

1696 

Grader  axle  stops 

Dumper 

1712T 

Dumping  tailgate  pin 

Power 

1717 

Relay  box 

Scraper 

1743 

Magnetic  drain  plug 

Distributor 

1751T 

Sight  gauge,  water  level 

Power 

1755 

Air  tank  drain  petcock 

Scraper 

1760 

Control  box  s.  propshaft  mounting  kit 

Scraper 

1761 

Hydrostatic  drive  filter 

Scraper 

1762 

Pressure  switch 
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Table  2.11-2.  FAMECE  Engineer  Change  Notices 
(Numbers  Not  Assigned) 


Section 


Grader 

Grader 

Distributor 

TF  Compactor 

Power 

Scraper 

Powe  r 

SD  Compactor 
Grader 


Drive-shaft  disconnect 
Side-shift  nut 
Drain  for  spray  bar 
TF  vibrator  hood  support 
Grease  coupler 
Scraper-bowl  lock 

Fuel  pump  housing  (as  leaks  occur) 

Water-level  switch 

Grommet  for  steer  tube  (102  only) 
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APPENDIX  A.  CRITICAL  ISSUES  AND  TEST  CRITERIA 

Part  I 

(from  AMSAA,  TDP) 

Those  issues  extracted  from  the  AMSAA,  TDP,  Appendix  C, 
which  were  tested  for,  or  observed  during,  the  MERADCOM  PQT-G . 


Test  Critical  Issues 


1 . Does  the  FAMECE  meet 
mission  established 
RAMD  requirements? 


2.  Has  satisfactory 
progress  been  made 
toward  the  required 
MAV? 


3.  Does  FAMECE  perfor- 
mance meet  mission 
requirements? 


a.  Coupling  and 
uncoupling . 


Test  Criteria 


RAMD  data  obtained  from  simu- 
lated mission  tasks.  mtbf 
required  for  satisfactory  per- 
formance is  55  hours.  However, 
this  figure  is  arbitrary  and 
has  not  been  justified.  It  is 
anticipated  that  a more  defend- 
able  value  will  be  developed 
by  the  Engineer  School  and  PM 
before  this  test  is  finished. 

Input  to  reliability  growth  curve 
(namely,  all  failure  history) 
and  data  from  VP-retest  EDT-C , 
EDT-G , PQT,  DT-II , and  OT-II; 
all  corrective  actions.  Slope 
of  curve  must  be  such  that  pro- 
jected MTBF  after  DT-III  is  55 
hours  or  more . 

The  FAMECE  derives  several  ad- 
vantages in  terms  of  production 
rate  and  cost  from  its  use  of 
the  two-module  concept.  Much 
of  this  advantage  will  be  lost 
if  coupling  and  uncoupling  times 
cannot  be  held  under  30  minutes. 

Time  required  to  bring  both 
modules  into  coupling  position 
(i.e.,  travel  time  for  uncoupling 
power  module)  will  be  reported 
but  not  added  to  coupling  time. 


A- 1 


Test  Critical  Issues 


Test  Criteria 


b.  Mobility  in  The  FAMECE  must  perform  its 

adverse  terrain.  mission  tasks  off-road.  It 

mustqet  to  the  work  site  and 
develop  high  tractive  efforts 
under  uneven  terrains  and  soft 
soil  conditions.  There  is  some 
question  concerning  how  mobile 
the  uncoupled  power  module  must 
be.  If  rull  advantage  is  to 
be  taken  of  the  commonality  of 
the  power  module,  it  must  be 
capable  of  moving  from  an  idle 
work  module  to  another  location 
where  another  work  module  is 
inoperative  because  its  power 
module  is  disabled.  This  cap- 
ability is  critical  to  the  just 
ification  of  the  FAMECE  concept 

c.  Safety  It  is  obvious  that  a vehicle 

or  family  of  vehicles  that 
will  be  transported  by  air  and 
operated  in  hazardous  terrain 
in  the  immediate  vicinity  of 
other  vehicles  must  be  made 
as  safe  as  the  state-of-the- 
art  allows. 

Personnel  possessing  nominal 
skill  levels  of  construction 
equipment  operators  and  main- 
tenance personnel  must  be  able 
to  perform  required  functions 
without  incurring  any  abnormal 
hazards  such  as  exposed  moving 
parts,  dangerous  noise  levels, 
and  vehicle  instability.  Tests 
involve  examination  of  vehicle 
construction  and  operation  as 
well  as  observation  of  personne 
engaged  in  required  operations. 

Operator  MOS ' s are: 

Scraper  - 62L. 

Grader  - 63K. 

Loader  - 62M. 

Dozer  62L. 

Distributor  - 62  J. 

Compactor  - 62 J. 

Dumper  - 64C. 
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APPENDIX  A.  CRITICAL  ISSUES  AND  TEST  CRITERIA 

Part  II 

(from  PQT-G  Test  Plan,  October  1977) 


This  appendix  is  a cross  index  between  the  material  need 
criteria  and  the  PQT  tests  that  will  generate  data  to  validate 
the  criteria.  The  criteria  are  the  basic  requirement  from 
which  the  detail  test  plans  for  the  various  work  sections  are 
created.  Certain  criteria  are  addressed  in  the  contractor- 
performed  RDAT  or  EDT  and  will  not  be  repeated  in  the  PQT. 
However,  adherence  or  exceptions  to  these  criteria  will  be 
noted  and  recorded  throughout  the  PQT. 
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Embankment  compaction  30% 
Base  course  compaction  30% 
Asphalt  compaction  10% 
Vibratory  mode  compaction  20% 
Travel  10% 
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Paul  Kennedy  and  Thomas  Bowen 
Energy  and  Water  Resources 
Laboratory 
MERADCOM 

Fort  Belvoir , Virginia  22060 


1.  INTRODUCTION 


Developmental  Testing  (DT  II)  of  a new  Family  of  Lightweight 
Engineering  Construction  Equipment  (FAMECE)  was  conducted  at  Fort 
Belvoir,  Virginia.  This  equipment  was  designed  to  meet  the  high- 
mobilitv  and  airl if t/airdrop  requirements  of  the  Army  Airborne 
and  Airmobile  units.  In  cooperation  with  the  Project  Manager's 
Office  (PMO) , FAMECE/UET,  the  Energy  and  Water  Resources  Laboratory 
participated  in  a cooperative  program  involving  field  testing  of  a 
reference  lubricant  in  selected  vehicles.  This  reference  lubricant  is 
presently  in  the  Army  supply  system  and  is  typical  of  the  quality  of 
lubricant  that  will  be  used  in  FAMECE  after  fielding.  The  Energy  and 
Water  Resources  Laboratory  provided  this  MIL-L-2104C  reference  oil  for 
use  in  the  engines,  transmissions,  and  hydraulic  systems  of  selected 
vehicles  and,  in  addition,  conducted  an  engine  inspection  and 
lubricant  analysis  related  to  lubricant  performance.  The  overall 
objective  of  this  participation  in  FAMECE  DT  II  was  to  obtain  baseline 
data  on  the  use  of  MIL-L-2104C  engine  oil  as  a hydraulic  fluid  with  the 
intention  of  possible  modifications  of  a future  M1L-L-2104  specification 
to  include  hydraulic  performance  requirements  not  currently  included. 
FAMECE  DT  II  EVALUATION 

The  original  intent  of  this  evaluation  was  to  subject  13  vehicles 
to  1000  hours  of  field  evaluation  under  service  typical  of  their 
intended  use.  Operation  of  this  prototype  construction  equipment  and 
field  maintenance  tasks  were  performed  by  military  personnel  stationed 
at  Fort  Belvoir  with  the  overall  test  being  monitored  by  the  Mechanical 
and  Construction  Equipment  Laboratory.  Equipment  evaluated  included 


2 graders,  2 water  distributors,  3 dumpers,  1 dozer,  1 loader,  1 scraper, 
l tamping-foot  compactor,  and  1 smooth-wheel  compactor.  Testing  was 
conducted  after  vehicle  arrival  from  the  contractor,  Clark  equipment 
Company.  The  first  unit.  Dumper  1,  arrived  in  duly  1977;  other  vehicles 
arrived  at  later  dates.  In  March  1978,  before  the  arrival  of  the  last 
two  vehicles  of  the  test  set,  a decision  was  made  to  terminate  testing 
at  Fort  Belvoir  and  complete  the  DT  11  evaluation  requirements  at  other 
installations.  This  revision  of  the  test  plan  affected  t lie  data  base  of 
this  report  in  that  only  five  units  had  accumulated  a significant  number 
of  operational  hours  during  tills  limited  time  frame. 

LUBRICATION  REQUIREMENTS 

The  lubrication  orders  for  KAMKCK  require  the  use  of  a Grade  30 
Mtl,-L-2104C  engine  oil  (OE/HDO-30)  for  crankcase  lubrication  and  a 
Grade  10  MIL-L-2104C  engine  oil  (OE/HDO-IO)  for  transmission  and 
hydraulic  system  lubrication.  The  effectiveness  of  OE/HDO-30  as  an 
engine  oil  and  OE/HDO-IO  as  a transmission  fluid  is  fairly  well  established. 
Of  particular  interest  to  MERADCOM  is  the  use  of  OE/HDO-IO  as  a hydraulic 
fluid,  in  that  this  represents  a significant  departure  from  the  standard 
lubrication  requirements  for  combat  support  equipment.  Normally, 
hydraulic  fluids,  such  as  MIL-H-6083  (OUT)  and  M1L-H-46170  (KRH).  which 
were  specifically  designed  to  satisfy  military  hydraulic  requirements 
are  required  for  use  in  combat  support  equipment.  No  significant  studies 
on  the  use  of  an  engine  oil  as  a hydraulic  fluid  in  Army  equipment  has 
been  reported. 

Hydraulic  fluids  differ  from  engine  oils  in  several  important  physical 
and  chemical  aspects.  Certain  parameters  involved  in  the  use  of  an  engine 
oil  in  hydraulic  applications  need  to  be  considered.  Use  of  military 
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hydraulic  fluids  provides  low  temperature  operability,  minimal  wear  of 
critical  hydraulic  fluid  components  and  a high  level  of  rust  protection 
for  valves  and  exposed  ram  shafts.  The  MIL-L-2104C  (OE/HDO)  specification 
does  not  address  the  above  hydraulic  fluid  requirements  but  is  primarily 
concerned  with  the  performance  of  a candidate  oil  in  an  operating  diesel 
* engine.  Approximately  200  oil  companies  are  qualified  to  produce 

MIL-L-2104C  lubricants  and  wide  variations  in  the  type  of  additive 
package  used  in  the  oil  formulation  are  found.  This  variation  does  not 
significantly  affect  engine  performance,  however,  wide  variations  in 
secondary  nonengine  lubrication  properties,  that  are  directly  related  to 
the  use  of  this  oil  in  hydraulic  applications,  are  known.  For  example, 
in  the  area  of  rust  protection,  a study  of  randomly  selected  samples  of 
OF./HDO  indicated  variations  in  rust  protection  levels  from  36  hours  to 
in  excess  of  360  hours.  It  is  suspected  that  certain  variations  in 
hydraulic  system  performance  will  be  dependent  on  the  types  of  OE/HDO-IO 
formulations  in  the  supply  system.  On  the  other  hand,  the  use  of  0F./HD0 
as  a universal  lubricant  for  military  construction  equipment  is  of 
particular  value  to  this  equipment  since  operation  with  minimal  support 
is  needed. 

OBJECTIVES  OF  LUBRICANT  EVALUATION 

This  Laboratory  has  custodial  responsibility  for  the  MIL-L-2104C 
specification  and  lubricant  RDT&E  programs  within  the  Department  of  the 
Army.  Presently,  the  use  of  OE/HDO-IO  in  satisfying  hydraulic  application 
requirements  is  under  study.  Consideration  is  presently  being  given  to 

t 

the  optimization  of  hydraulic  fluid  performance  requirements  of  OE/HDO-IO 
in  a future  modification  of  the  MIL-L-2104  specification,  however,  such 
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requirements  must  first  be  defined.  This  participation  in  EAMECE  DT  11 
was  to  provide  information  that  would  serve  in  part  as  baseline  data  in 
determining  the  requirements  needed  in  the  future  MIL-L-2104  specification. 

11.  DETAILS  OF  TEST 

iXJT  Ij’MENT 

FAMECF.  represents  a class  of  wheeled  construction  and  earthmoving 
equipment.  Units  are  modular  in  design  with  a work  unit  consisting  of  a 
power  module  section  coupled  to  a work  section.  Each  section  weighs  less 
than  15,000  pounds.  The  various  types  of  work  sections  used  in  this  test 
are  shown  in  Table  11-1.  In  testing,  a separate  power  module  was  used  lot- 
each  work  section.  Since  all  power  modules  are  identical  In  const ruct ion, 
these  units  are  listed  by  serial  number.  Total  hours  accumulated  for 
each  work  unit  at  arrival  and  at  test  completion  is  also  included  in  this 
table.  The  power  train  for  these  units  consists  of  a Cummins  VT-S55 
Turbo  Charged  218  HE  diesel  engine  with  a Clark  Model  I.T-7853  transmission . 
The  hydraulic  controls  and  a 70-gallon  hydraulic  reservoir  are  also 
located  on  the  power  module.  The  work  section  consists  of  the  working 
component  (e.g.,  blade,  roller,  etc.!  and  a secondary  hydraulic  svstem. 

1 .V UK  l CAT  1 ON  RBJU 1 RKMENTS 

Lubrication  orders  require  the  use  of  MIL-!. -21040  oils  for  engine, 
transmission,  and  hvdraulic  appl lout  ions . SAT  >0  Viscositv  Crude  oil  is 
required  for  crankcase  lubrication  when  expected  temperatures  are  above 
+40*  E and  10  grade  oil  when  temperatures  are  less  than  +40*  E.  SAE  10 
Viscosity  Grade  oil  is  required  for  use  in  transmission  and  hydraulic 
systems  provided  that  temperatures  are  above  -10°  E. 


For  arctic  conditions 


or  when  the  ambient  temperature  is  less  than  0°F,  M1L-L-46167  (OEA)  is 
required  for  use  as  a power  train  lubricant  and  as  a hydraulic  fluid. 
Lubrication  orders  originally  required  drain  and  refill  of  the  crankcase 
and  transmission  oils  at  400-hour  intervals  and  the  hydraulic  fluid  at 
1000  hours,  however,  these  orders  were  later  modified  to  250  hours  for 
the  crankcase  oil,  500  hours  for  the  transmission  oil,  and  1000  hours  for 
the  transmission  fluid. 

REFERENCE  OIL  PROGRAM 

On  14  February  1977,  personnel  from  the  Energy  and  Water  Resources 
Laboratory  participated  in  a meeting  with  the  FAMECE/UET  staff  relative 
to  the  use  of  reference  grade  lubricants,  reference  grade  fuels, and  silicone 
brake  fluid  in  certain  vehicles  that  were  scheduled  for  DT  II  evaluation. 

At  this  meeting,  it  was  indicated  that  a reference  grade  fuel  could  not  be 
utilized  in  DT  II  due  to  logistic  considerations  but  that  possible 
program  coordination  could  be  achieved  relative  to  the  use  of  the  reference 
grade  lubricant  and  silicone  brake  fluid.  A proposed  lubricant  test 
plan  was  outlined  that  involved  the  use  of  a reference  grade  MIL-L-2104C 
oil  for  use  in  crankcase,  transmission,  and  hydraulic  systems  and  silicone 
brake  fluid  in  the  brake  systems  of  five  vehicles.  Concurrence  with  the 
test  program  was  obtained  from  PM0,  FAMECE/UET  except  that  6 rather 
than  5 vehicles  (l  each  dumper,  scraper,  grader,  distributor,  dozer, 
and  compactor)  would  utilize  reference  grade  oils  and  silicone  brake  fluid. 

The  finalized  reference  oil  program  for  FAMECE  DT  II  is  included  as 
part  of  Appendix  Il-A.  This  program  required  the  forwarding  of  six  55-gallon 
drums  of  Grade  10  and  six  55-gallon  drums  of  Grade  30  MIL-L-2104C  reference 
engine  oils  together  with  one  gallon  of  a candidate  MIL-B-46176  silicone 
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brake  fluid  to  the  FAMECE  facility  at  Clark  Equipment  Company,  Benton 
Harbor,  Michigan,  and  the  factory  use  of  this  fluid  for  factory  fill  of 
six  vehicles.  The  vehicles  were  later  identified  as  those  vehicles 
having  power  sections  with  serial  numbers  446X107  to  446X112.  Following 
this,  the  major  part  of  the  reference  oil  program  was  to  involve  the 
monitoring  of  this  set  of  vehicles  during  testing  by  periodic  oil 
sampling/analysis  to  determine  overall  MIL-L-2104C/FAMECE  system  compati- 
bility as  reflected  by  wear  metal  analysis  and  potential  degradation  of 
lubricants  as  indicated  by  selected  tests  designed  to  measure  lubricant 
quality.  Other  vehicles  not  included  in  the  test  plan  were  to  have 
used  a commercial  oil  of  MIL-L-2104C  quality  for  factory  fill  and  OE/HDO 
from  the  supply  system  for  refill  requirements. 

Several  factors  had  considerable  impact  on  the  data  base  provided  by 
this  cooperative  program.  These  factors  include: 

1.  Early  Termination  of  DT  II.  Only  five  vehicles  had  accumulated 
sufficient  operational  hours  to  be  of  value  in  satisfying  the  test 
objectives . 

2.  Invalid  Commerical  Oil.  Analysis  of  the  physical  properties  and 
elemental  composition  of  the  factory  fill  oil  indicates  that  it  is  not 

a MIL-L-2104C  oil  and  cannot  serve  as  a basis  for  comparison  with  the 
reference  oil. 

3.  Factory  Errors  in  Fill  of  Reference  Vehicles.  The  factory  fill 
commercial  oil  was  used  in  place  of  the  reference  oil  in  the  hydraulic 
system  of  the  dumper  and  dozer. 

4.  Test  Plan  Modification  on  Silicone  Brake  Fluid.  Silicone  brake 
fluid  use  was  limited  to  the  dumper  and  dozer. 


The  combination  of  these  factors  prevented  any  conclusions  concerning 
the  effectiveness  of  OE/HDO-IO  lubricants  in  the  FAMECE  hydraulic  system. 
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Due  to  changes  in  the  original  lubrication  order,  the  sampling 
schedule  outlined  in  the  reference  oil  program  was  modified.  Samples  of 
engine,  transmission,  and  hydraulic  fluids  were  obtained  on  vehicle 
arrival  at  the  test  site  and  at  vehicle  accumulated  hour  readings  of  250, 
500,  750,  and  1000  hours.  Two  types  of  oil  samples  were  obtained. 

Drain  samples  (32-ounce)  were  collected  at  scheduled  drain  and  refills, 
and  12-ounce  intermediate  samples  were  collected  by  the  standard  vehicle 
sample  procedure  using  a syringe  and  plastic  tubing.  Several  laboratories, 
including  the  Materials  Technology  Laboratory  and  the  Energy  and  Water 
Resources  Laboratory,  MERADCOM,  and  the  Army  Fuels  and  Lubricants  Research 
Laboratory  (located  at  Southwest  Research  Institute),  were  involved  in 
the  analyses  of  these  oil  samples. 

FUEL  MONITORING  ACTIVITY 

In  addition  to  the  reference  oil  program,  MERADCOM  became  actively 
involved  in  fuel-related  programs  that  developed  in  FAMECE  DT  II.  The 
primary  activity  in  this  area  was  a fuel  cloudpoint  monitoring  program 
during  the  winter  months.  The  activity  was  initiated  by  reported  cold 
startup  problems  possibly  related  to  fuel  quality.  Other  problems,  such 
as  fuel  filter  clogging,  were  also  investigated. 

III.  RESULTS  OF  TEST 

Lubricant  performance  was  evaluated  primarily  by  physical  and  chemical 
testing  of  used  oil  samples  from  FAMECE  equipment  and  by  physical  inspection 
of  engine  and  transmission  components  from  one  of  these  vehicles. 

This  latter  inspection,  conducted  on  a vehicle  during  teardown,  showed 
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certain  typical  wear  patterns  which  significantly  facilitated  the 


interpretation  of  data  on  wear  metal  concentrations. 

ENGINE/TRANSMISSION  INSPECTION 

A DT  II  test  program  requirement  included  physical  teardown  and 
replacement  of  the  engine  and  transmission  components  on  one  of  the 
vehicles.  Teardown  was  performed  on  the  10-ton  dumper  unit  (power  module 
446X108  and  dumper  I work  section)  that  had  accumulated  1250  hours  of 
long-  and  short-haul  service  under  fully  loaded  conditions.  Inspection 
data  on  the  component  parts  of  the  Cummins  Model  VT555-C240  engine  and 
Clark  Model  LT-7953  transmission  are  included  in  Appendix  B-B.  Inspection 
of  the  pistons,  rings,  crankshaft,  camshaft,  and  valve  train  indicated 
normal  wear  patterns.  The  primary  problem  area  was  severe  wearing  of 
the  No.  4 (rear)  bearing.  It  was  observed  that  a large  quantity  of 
copper  was  dislodged  from  the  bearing  surface.  A peripheral  problem 
involved  scoring  of  thrust  washers  by  dislodged  copper  debris. 

Transmission  parts  did  not  show  any  abnormal  wear  patterns. 

Mr.  A.  Barnabae,  Field  Technician  for  Cummins  Diesel  Engines,  Inc., 
was  present  at  teardown.  He  indicated  that  No.  4 (rear)  bearing  failures 
are  normally  indicative  of  lubricant  starvation  due  to  cold  startups  or 
insufficient  engine  idling  before  shutdown. 

NEW  OIL  ANALYSIS 

The  physical  properties  and  elemental  compositions  that  characterize 
the  commercial  and  reference  oils  used  in  this  test  are  listed  in 


Tables  B-2  and  B-3.  Significant  differences  in  chemical  properties  such 
as  total  acid  number  (TAN),  total  base  number  (TBN),  and  elemental 


composition  are  evident.  It  should  be  noted  that  the  SAE  10  Viscosity 


tirade  commercial  oil  (Table  B-i)  has  a pour  point  of  -II*  K.  This 
indicates  that  the  commercial  oil  is  not  ol  M11.-1.-2104C  quality  since 
this  specification  requires  a pour  point  ot  -25°  K.  The  relatively 
high  pour  point  ot  this  commercial  product  could  result  In  low-temperature 
lubricity  problems. 

WKAK  MKTAI.  ANALYSIS 

The  concentrations  ol  wear  metals,  silicone,  and  additive  metals  that 
were  found  In  used  oil  samples  from  the  grader,  loader,  water  distributor, 
do/.er,  and  dumper  are  presented  In  Tables  B-4  through  11-8.  From  this 
set  of  vehicles,  the  dozer  ami  dumper  were  to  be  factory  filled  with  the 
reference  lubricant  and  the  other  vehicles  were  to  be  tactory  tilled  with 
a commercial  lubricant. 

Additive  metal  concentrations  were  Included  In  these  tables  so  as 
to  allow  calculations  ot  dilutions!  effects  and  to  verify  the  type  ol  oil 
used  for  factory  till  and  field  refill.  Kxamlnat ion  ot  Table  11-1  reveals 
that  the  primary  difference  between  the  SAK  10  Viscosity  tirade  commercial 
and  reference  oil  is  that  the  reference  oil  contains  approximately  4400 
parts  per  million  (p/m)  ot  calcium,  whereas  the  commercial  oil  contains 
2500  p/m  calcium.  Inspection  of  the  calcium  concent  rat  1 on  in  initial 
online  oil  samples  taken  from  these  vehicles  (Tables  8-4  - 8-8)  Indicates 
that  the  factory-fill  procedure  was  correct.  Kxamlnat ion  of  Table  8-2 
• Indicates  that  the  SAK  10  Viscosity  tirade  commercial  oil  contains  barium, 

whereas  SAK  10  tirade  reference  oil  does  not.  Inspect  Ion  ot  Tables  8-4 
, through  8-8  indicates  the  commercial  product  was  mistakenly  used  tor 

factory  fill  of  the  dozer  transmission.  This  error  is  not  considered 
serious  since  t hi'  reference  oil  was  used  as  a rot  ill  oil  at  the 
500-hour  drain  Interval.  Kxamlnat ion  ol  these  tables  also  Indicates 
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that  the  commercial  oil  was  used  as  the  hydraulic  fluid  in  all  of  these 
vehicles.  The  vehicles  hydraulic  systems  were  not  factory  filled  with 
reference  oil.  This  factory  error  invalidated  the  primary  objective 
of  this  study. 

Silicone  is  normally  considered  as  a contaminant  metal.  The 
concentration  of  elemental  silicone  in  the  used  oil  samples  is  a measure 
of  dirt  (silica)  ingestion  and  is  included  in  these  tables  since  extremely 
dusty  conditions  were  noted  at  the  test  site  during  summer  months  and 
in  view  of  the  ever  present  possibility  of  accidental  dirt  ingestion 
during  oil  addition.  Dirt  ingestion  would  be  expected  to  result  in  an 
accelerated  wear  of  all  engine  components.  Oil  analysis  data  indicate 
a fairly  constant  and  low  level  of  silica  in  the  engine  oil.  The  effect 
of  this  component  on  engine  wear  appears  to  be  minimal  in  that  the 
aluminum  concentration  (from  piston  skirts),  iron  concentration  (from 
cylinder  walls,  crankshaft,  and  camshaft),  and  chromium  (from  piston 
rings)  did  not  show  any  direct  variation  with  silicone  concentration. 

The  inspection  of  engine  parts  during  teardown  indicated  a potential 
bearing  wear  problem.  Bearings  utilized  in  the  FAMECE  are  of  a steel 
backing,  copper  flashing,  and  lead  overlay  design.  Normal  bearing  wear 
would  be  indicated  by  the  initial  presence  of  lead  followed  by  copper 
after  a wearing  away  of  the  lead  overlay.  In  these  tables,  wear  metal 
data  are  presented  for  engine  oil  samples  collected  on  vehicle  arrival 
at  the  test  site  and  at  each  250-hour  drain  interval.  The  reference  oil 
was  used  as  the  refill  oil  for  all  of  these  vehicles.  With  the  exception 
of  the  water  distributor,  all  units  showed  elevated  copper  and  lead 
concentrations.  These  results  suggest  an  accelerated  bearing  wear.  The 
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absence  of  bearing  wear  signs  in  the  water  distributor  is  difficult  to 
explain  since  a variety  of  factors,  such  as  the  inability  to  use  the 
distributor  during  winter  months,  the  operator,  speed,  and  load,  need  to 
be  considered.  Findings  suggest  that  there  is  no  clear  indication  of 
differences  in  the  commercial  and  reference  oils  inability  to  prevent 
rapid  bearing  wear.  Another  factor  that  needs  to  be  considered  is  that 
bearing  failure  is  characterized  by  the  coarse  copper  metal  particles 
which  would  not  be  detected  in  oil  analysis.  For  example,  in  the  dumper 
where  bearing  failure  has  been  documented,  high  lead  concentrations 
considerably  in  excess  of  the  copper  concentrations  are  found.  This  is 
not  true  in  the  case  of  the  grader,  loader,  distributor,  and  dozer.  Wear 
metal  data  for  the  grader,  loader,  and  dozer  indicate  copper  concent  rat  ions 
in  excess  of  lead  concentrations  which  may  indicate  a more  normal  but 
accelerated  bearing  wear.  Although  the  copper/lead  concentrations  show 
a general  decrease,  these  units  show  significant  increases  in  iron 
concentrations  that  tend  to  indicate  some  type  of  wear  problem. 

Inspection  of  wear  metal  concentrations  in  the  transmission  oil 
samples  indicates  high  copper,  lead,  and  iron  levels.  These  levels  reflect 
the  initial  break-in  process.  After  the  initial  500-hour  oil  change, 
the  wear  metal  concentrations  significantly  decrease  in  all  vehicles  with 
the  exception  of  the  dumper.  Although  copper  and  lead  levels  were  high 
in  the  dumper,  physical  inspection  of  this  transmission  did  not  indicate 
any  unusual  wear  problems. 

Used  oil  samples  from  the  hydraulic  systems  of  the  vehicles  indicate 
slightly  elevated  copper  levels  in  the  grader,  dozer,  and  dumper  and 
slightly  elevated  iron  levels  in  the  loader  and  dozer.  These  levels 
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might  be  due  to  abrasive  wear  due  to  dirt  ingestion.  The  iron 
concentration  of  these  oils  would  be  indicative  of  wear  of  the 
hydraulic  control  valves;  however,  since  a physical  inspection  of  the 
dumper  hydraulic  system  could  not  be  made,  no  correlation  of  wear  metal 
concentrations  with  hydraulic  system  wear  can  be  made. 

LUBRICANT  DEGRADATION 

Viscosity  changes  and  the  amount  of  pentane  insolubles  in  used  engine 
oils  are  presented  in  Table  B-9,  and  data  on  the  viscosity  changes  and 
total  solid  contents  of  transmission  and  hydraulic  fluids  are  presented 
in  Table  B-10.  Due  to  a shortage  of  laboratory  personnel,  pentane 
insolubles  and  solid  contents  were  determined  on  only  a few  randomly 
selected  oil  samples.  Data  from  Table  B-9  indicate  an  average  engine 
oil  viscosity  increase  of  approximately  9%  for  250  hours  of  operation. 
Viscosity  increases  as  high  as  25%  are  considered  acceptable.  Data  do 
not  indicate  excessive  deterioration  of  OE/HDO-30.  Data  from  Table  B-10 
indicate  minimal  solid  contents  and  viscosity  increases  in  used  transmission 
oils  and  hydraulic  fluids.  The  apparent  viscosity  increase  in  the 
commercial  oil  is  questionable.  The  reference  oil  viscosity  of  6.7  cSt 
is  considerably  in  excess  of  the  6.0  cSt  viscosity  of  the  commercial  oil, 
and  the  use  of  tie  reference  grade  oil  as  make-up  would  at  least 
contribute  to  this  observed  viscosity  increase.  No  significant  viscosity 
increases  were  found  in  the  used  reference  oil  samples. 

SILICONE  BRAKE  FLUID 

Of  the  two  units  utilizing  silicone  brake  fluid,  one  is  still  under 
test.  Admixing  of  W-B-680  brake  fluid  (glycol-based)  with  the 
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silicone  fluid  invalidated  testing  on  one  of  the  two  vehicles.  No 
problems  directly  related  to  the  use  of  this  brake  fluid  were  reported. 
FUEL  SURVEILLANCE 

Certain  starting/engine  failure  problems  during  DT  II  testing  were 
suspected  of  being  related  to  VV-F-800B  diesel  fuel  quality.  As  part  of 
this  cooperative  effort,  technical  assistance  was  provided  in  the 
resolution  of  fuel-related  problems  as  they  occurred.  Primary  problems 
were  traced  to  housekeeping  practices,  fuel  contamination  of  unknown 
origin,  and  use  of  a nonrecommended  fuel  deicing  agent.  A complete 
chronological  account  of  the  problems  with  supportive  laboratory  data 
is  presented  in  Appendix  B-C. 

IV.  CONCLUSIONS 

Based  on  the  results  of  this  test  and  observations  made  during  the 
test,  it  is  concluded  that: 

• Wear  metal  analysis  indicates  an  accelerated  wear  of  main  bearings 
in  the  FAMECE  power  modules. 

• Contributing  factors  to  bearing  wear  are  believed  to  be  due  to 
nonconformity  to  lubrication  order  requirements  to  use  the  SAE  10 
Grade  MIL-L-2104C  engine  oil  for  ambient  temperatures  less  than 
+40°  F and  improper  operational  procedures. 

0 The  puvformnncc  of  the  SAE  10  MIL-L-2104C  engine  oil  in  the  FAMECE 
hydraulic  system  has  not  been  identified  in  FAMECE  DT  II.  A 
commercial  factory  fill  oil  that  does  not  correspond  to  the  SAE  10 
Grade  MIL-L-2104C  specification  was  used  as  the  factory  fill  product 
for  the  five  vehicles  that  served  as  the  basis  of  this  report. 
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• Cold  starting  problems  reported  in  FAMECE  DT  II  were  the  result  of 
the  use  of  diesel  fuel  of  marginal  quality. 

V.  RECOMMENDATIONS 

Based  on  the  observations  and  conclusions  drawn  from  this  test,  it  is 
believed  that  the  following  recommendations  should  be  considered: 

• Instruct  vehicle  operators  in  proper  cold  starting  and  engine  shutoff 
procedures  and/or  modify  engine  bearings  in  order  to  reduce  bearing 
wear.  The  effectiveness  of  these  procedures  can  be  monitored  by  the 
continuation  of  the  engine  oil  analysis  program. 

• Evaluate  the  effectiveness  of  SAE  10  Grade  MIL-L-2104C  oil  in  the 
FAMECE  hydraulic  system.  An  inspection  of  hydraulic  component  parts 
for  wear  should  be  part  of  this  evaluation. 

• Investigate  the  possibility  of  modifying  the  fuel  filter/water 
separator  system  to  be  more  fuel  tolerant. 
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Table  B-l.  FAMECE  Test  Equipment 


Power  Modules 
(Serial  No.) 

Work  Unit 
Section 

Hours  at  Start 
of  Test 

Power  Section 
Hours  at  End 
of  Test 

Lubricant 

Type 

446  X 104 

Grader  I 

273 

1061 

2 

Comm  oil 

105 

Loader 

153 

1103 

Comm  oil 

106 

Distributor  I 

97 

901 

Comm  oil 

1071 

Dozer 

78 

824 

Ref  oil3 

1081 

Dumper  I 

20 

1266 

Ref  oil 

110 

Tamping  Foot 

110 

406 

Ref  oil 

112 

Smooth  Wheel 

63 

355 

Ref  oil 

113 

Dumper  II 

26 

400 

Comm  oil 

114 

Scraper 

29 

251 

Comm  oil 

115 

Distributor  II 

10 

247 

Comm  oil 

116 

Grader  II 

— 

540 

Comm  oil 

These  units  used  a silicone  brake  fluid. 

Commercial  oil  used  for  hydraulic  fluid,  crankcase,  and  transmission 
lubrication. 

Reference  oil  used  for  hydraulic  fluid,  crankcase,  and  transmission 
lubrication. 
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FAMECE  Factory-Fill  10  Grade  Lubricants 


Oil  Type 

Commercial  Oil 

Reference  Oil 

Properties : 

Viscosities,  cSt 

0 100°  r 

38.72 

47.0 

0 210°  F 

5.97 

6.7 

Index 

107.72 

10.3 

tat: 

1.74 

2.5 

TBN 

9.26 

12.7 

Insolubles,  % 

Pentane 

0.012 

0.02 

Pentane  w/Coag. 

0.004 

0.01 

Benzene 

0.00 

0.02 

Benzene  w/Coag. 

0.017 

0.01 

Gravity,  °API  0 60° 

F (15.5°  C)  29.5 

28.3 

Flash  Point,  °F 

435°  F (224°  C) 

417°  F 

(214°  C) 

Pour  Point,  °F 

-11°  F (-24°  C) 

-24°  F 

(-31°  C) 

Carbon  Residue,  % 

1.45 

1.7 

Sulfated  Ash,  % 

1.47 

1.7 

Elements : 

Nitrogen,  X wt 

0.330 

0.06 

Boron,  p/m 

13 

X-Ray  Flor , % 

Barium 

0.2060 

Calcium 

0.3080 

Chlorine 

0.0120 

<0.01 

Copper,  p/m 

<25 

Phosphorus 

0.1000 

0.12 

Sulfur 

0.2900 

0.42 

Zinc 

0.0800 

Atomic  Absorption,  p/m 

Barium 

1910 

<50 

Calcium 

2932 

4400 

Copper 

<1 

Magnesium 

88.0 

22 

Sodium 

11.0 

20 

Zinc 

692.0 

800 

NOTE:  "Less  than"  symbol  (<)  used  to  indicate  lowest  detection  level  of 
method . 
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Table  B-3.  FAMECE  Factory-Fill  30  Grade  Lubricants 


Oil  Type 

Commercial 

Oil 

Reference  Oil 

Properties : 

Viscosities,  cSt 

0 100°  F 

119.4 

121.0 

0 210°  F 

12.15 

12.0 

Index 

99.54 

101 

TAN 

1 . 70 

2.3 

TBN 

b . 75 

13.9 

Insolubles,  X 

Pentane 

0.018 

0.04 

Pentane  w/Coag. 

0.004 

0.04 

Benzene 

0.00 

0.03 

Benzene  w/Coag. 

0 . 008 

0.01 

Gravity,  °API  0 60°  F (13.5°  C) 

27.3 

25.5 

Flash  Point,  °F 

450°  F (23 

2°  C) 

433°  F 

(233°  C) 

Pour  Point , °F 

-7°  F (-22°  C) 

+2°  F 

(-17°  C) 

Carbon  Residue,  % 

1 . 13 

2.1 

Sulfated  Ash,  % 

0.94 

1.6 

Elements: 

Nitrogen,  % wt 

0.0660 

0.07 

Boron,  p/m 

<1 

X-Ray  Flor,  % 

Barium 

<0.0220 

Calcium 

0.2350 

Chlorine 

0.0130 

<001 

Copper,  p/m 

<25 

Phosphorus 

0.1200 

0.13 

Sulfur 

0.4400 

0.48 

Zinc 

0.0900 

Atomic  Absorption,  p/m 

Barium 

<50 

<50 

Ca 1 c i urn 

2531 

4400 

Copper 

<1 

Magnesium 

8.0 

26 

Sodium 

22.0 

10 

Zinc 

748.0 

700 

NOTE:  "Less  than"  symbol  (<)  used  to  Indicate  lowest  detection  level  of 
method. 
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Table  B-4.  Summary  of  Oil  Analysis  Data 


Vehicle  Type:  Grader 

Power  Section:  446X104 


Wear  Metals 


Additive  Metals 


so 

n) 


r. 


E 

9 

c 

«H 

E 

3 


E 

3 

•H 

E 

O 

u 

x: 


u 

0) 

a 

a 

o 

QJ 


X) 

03 

01 


•K 

vU 

c 

o 

u 


03 

3 

O 

o 

x: 

D. 

03 

o 

x: 

cx< 


E 

E 

3 

3 

•H 

•H 

U 

U 

c 

i- H 

03 

•H 

03 

CC 

Cs3 

O 

Engine  on 


273 

20 

5 

3 

23 

10 

3 

720 

820 

1350 

500 

8 

20 

2 

30 

3 

6 

750 

90 

860 

1800 

750 

20 

40 

0 

18 

6 

10 

720 

10 

1100 

4500 

1000 

Transmiss ion 

Oil 

273 

37 

86 

2 

280 

70 

6 

650 

500 

3600 

500 

22 

47 

0 

300 

40 

6 

700 

1000 

860 

4500 

750 

35 

45 

3 

92 

16 

10 

780 

300 

530 

1000 

25 

37 

O 

871 

7 

7 

640 

270 

600 

Hydraulic  Fluid 

273 

40 

8 

2 

6 

1 

8 

680 

860 

3200 

500 

18 

4 

0 

5 

0 

3 

750 

1100 

1100 

5000 

750 

33 

9 

1 

22 

l 

13 

600 

860 

540 

>000 

32 

10 

l 

19 

1 

1 1 

590 

810 

590 

H-20 


Table  B-5.  Summary  of  Oil  Analysis  Data 


Vehicle  Type:  Loader 

Power  Section:  446X105 


Wear  Metals 

Additive  Metals 

ac 

*»H 

X 

A1 uminum 

Iron 

E 

D 

■<H  > 

E 

O 

u 

-C 

u 

Copper 

Lead 

SI  licone* 

Phosphorous 

E 

3 

u 

32 

CJ 

c 

•H 

tvJ 

Calcium 

Engine  Oil 

154 

26 

10 

2 

5 9 

7 

680 

800 

1800 

250 

500 

18 

26 

0 

200  17 

3 

650 

50 

700 

7000 

750 

1000 

54 

73 

28 

6 1 

12 

530 

0 

030 

Transmission 

Oil 

154 

40 

55 

3 

500  75 

8 

580 

800 

3000 

250 

38 

80 

2 

400  50 

8 

550 

500 

3200 

500 

21 

57 

0 

350  25 

5 

750 

1080 

1100 

6500 

750 

1000 

28 

68 

2 

1 60  64 

10 

640 

500 

650 

Hvdraul ie  Fluid 


154 

38 

7 

1 

5 

1 8 

660 

860 

1700 

250 

34 

16 

3 

8 

S 6 

700 

650 

3500 

500 

18 

11 

0 

8 

0 4 

755 

1 >00 

1 000 

6000 

750 

1000 

26 

18 

3 

7 

1 11 

650 

1050 

690 

* 
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Table  B-6.  Summary  of  Oil  Analysis  Data 


Vehicle  Type:  Water  Distributor  1 

Power  Section:  446X106 


Wear  Metal 

s 

Additive  Metals 

Mileage 

Aluminum 

Iron 

Chromium 

Copper 

Lead 

Silicone* 

Phosphorous 

Barium 

Zinc 

Calcium 

Engine  Oil 

96 

25 

8 

4 

8 

10 

12 

750 

680 

1650 

250 

500 

21 

27 

0 

5 

6 

0 

640 

10 

860 

5500 

750 

26 

28 

5 

5 

1 

6 

530 

0 

570 

1000 

Transmission 

Oil 

96 

36 

50 

2 

215 

55 

8 

550 

500 

3100 

250 

21 

35 

0 

135 

17 

0 

700 

600 

1000 

7500 

500 

22 

50 

0 

240 

130 

0 

500 

330 

1100 

6500 

750 

29 

35 

3 

88 

4 

10 

990 

0 

1000 

Hydraulic  Fluid 

96 

36 

9 

2 

17 

6 

12 

700 

600 

4300 

250 

21 

2 

0 

12 

0 

0 

750 

1200 

1 100 

6000 

500 

17 

5 

0 

12 

12 

6 

700 

1100 

1000 

5000 

750 

29 

8 

1 

14 

4 

11 

640 

1200 

570 

1000 

* 
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Table  B-7 


Summary  of  Oil  Analysis  Data 


Vehicle  Type:  Dozer 

Pc-,  cr  Section:  446X107 


Hear  Metals 


Additive  Metals 


cn 

3 

-K 

O 

V 

£ 

6 

0) 

U 

E 

ac 

r 

3 

c 

o 

c 

*ri 

u 

0 

X 

E 

3 

E 

<u 

u 

G. 

3 

•<-» 

f— 4 

E 

C 

O 

o. 

X) 

•H 

C/5 

•H 

u 

U 

•r-t 

3 

0 

U 

G. 

C0 

«-H 

0 

u 

c 

r— • 

X 

i— » 

X- 

JZ 

0 

0) 

CO 

•H 

CO 

< 

i— t 

u 

u 

C/5 

0- 

oc 

cs: 

CJ 

Engine  Oil 


78 

32 

14 

1 

65 

10 

20 

550 

450 

4000 

250 

30 

7 

6 

94 

25 

16 

750 

40 

1200 

6000 

500 

23 

38 

0 

52 

13 

3 

660 

0 

1100 

7500 

Transmission  Oil 


78 

47 

74 

4 

1100 

200 

12 

750 

480 

3700 

250 

31 

76 

0 

550 

250 

5 

800 

380 

780 

5000 

500 

33 

60 

9 

700 

130 

3 

820 

220 

1100 

5000 

833 

32 

29 

0 

130 

34 

11 

580 

0 

500 

Hydraulic 

Fluid 

78 

36 

7 

2 

7 

8 

8 

700 

600 

5200 

920  1000  6000 


Table  B-8.  Summary  of  Oil  Analysis  Data 


Vehicle  Type:  Dumper 

Power  Section:  446X108 


Wear  Metals 

Additive  Metals 

Mileage 

Aluminum 

Iron 

Chromium 

Copper 

Lead 

Silicone* 

Phosphorous 

Barium 

u 

c 

•H 

Calcium 

Engine  Oil 

20 

44 

5 

2 

8 

10 

10 

680 

740 

4100 

250 

45 

42 

3 

18 

55 

16 

580 

720 

4400 

500 

20 

20 

3 

10 

6 

0 

600 

0 

1100 

7500 

750 

34 

38 

17 

27 

90 

20 

650 

0 

950 

6000 

1000 

33 

60 

11 

17 

68 

9 

530 

0 

580 

Transmission 

Oil 

20 

48 

10 

2 

95 

45 

8 

760 

880 

1200 

250 

45 

. 25 

2 

200 

60 

7 

680 

860 

5700 

500 

20 

9 

0 

86 

18 

5 

740 

0 

1000 

6000 

750 

1000 

31 

49 

2 

450 

178 

6 

780 

0 

630 

Hydraulic  Fluid 

20 

43 

5 

3 

3 

1 

7 

760 

900 

5300 

250 

45 

0 

1 

5 

1 

8 

760 

900 

5300 

500 

22 

0 

0 

6 

0 

4 

800 

540 

1100 

6000 

750 

22 

1 

0 

7 

0 

5 

770 

560 

800 

6000 

1000 

31 

7 

2 

12 

1 

9 

780 

560 

650 

* 
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Table  B-9.  Viscosity  and  Insoluble  Content  of  Engine  Oils 


Commercial  ■ 

Oil 

Reference  Oil 

30  Grade 

30 

Grade 

Grader 

Loader 

Distr ib 

Dozer 

Dumper 

(440X104) 

(446X105) 

(446X106) 

(446X107) 

(446X108) 

Vis  (cSt  @ 

Vis  (cSt  (a 

Vis  (cSt  @ 
210  F) 

Vis  (cFt  0 

Vis  (cSt  0 

210°  F) 
Insol 

210d  F) 

210  F) 

210^  F) 

Insol 

Insol 

Insol 

Insol 

Viscosity  of 
New  Oil 

12.1 

12 . 2 

Initial  Oil' 

11.5 

10.9 

11.8 

12.5 

12.7 

Sample 

0.034 

0.50 

0.02 

1st  Oil 

11.6 

13.0 

13.0 

Drain 

0.19 

0.26 

2nd  Oil 

Drain 

13.3 

12.7 

13.4 

13.3 

13.7 

3rd  Oil 

Drain 

13.4 

14.2 

Pentane  insolubles  determined  by  ASTM  method  D893. 

Initial  samples  taken  on  delivery  of  vehicles  to  Ft.  Belvoir.  Operating 
hours  were  grader  (273),  loader  (153),  distributor  (97),  dozer  (78), 
and  dumper  (20) . 
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APPENDIX  B-A 


REFERENCE  OIL  PROGRAM 
FOR 

FAMECE  DT  II 


PURPOSE 

To  identify  possible  wear  problems,  oil/system  compatibility,  and  oil 
degradation  in  FAMECE  equipment. 

SCOPE 


A set  of  six  vehicles  (one  each  dumper,  scraper,  grader,  distributor, 
dozer,  and  compactor)  from  the  FAMECE  DT  II  test  group  will  utilize  refer- 
ence grade  MIL-L-2104C  fluids  in  engines,  transmissions,  and  hydraulic 
systems,  and  a silicone-based  brake  fluid  in  the  power  and  work  sections. 
This  set  of  vehicles  will  be  monitored  during  testing  by  periodic  oil 
sampling/analysis  to  determine  overall  MIL-L-2104C/FAMECE  system  compati- 
bility as  reflected  by  wear  metal  analysis,  or  quality,  and  potential 
degradation  of  lubricants.  Silicone  brake  fluid  will  be  evaluated  on  a 
performance  basis. 

TEST  FLUIDS/LUBRICANTS 


The  following  test  fluids/lubricants  will  be  furnished  by  the  Fuels  and 
Lubricants  Division,  Energy  and  Water  Resources  Laboratory,  MERADCOM: 

1 . For  Factory  Fill: 

a.  Twelve  55-gallon  drums  of  Grade  10,  MIL-L-2104C,  Reference 
Engine  Oil  (OE/HDO-IO) . 

b.  Two  55-gallon  drums  of  Grade  30,  MIL-L-2104C,  Reference  Engine 
Oil  (0E/HD0-30). 

c.  Two  1-gallon  cans  of  silicone-based  brake  fluid. 

2 . For  Operations: 

a.  Six  55-gallon  drums  of  Grade  10,  MIL-L-2104C,  Reference  Engine 
Oil  (OE/HDO-IO) . 

b.  Six  55-gallon  drums  of  Grade  30,  MIL-L-2104C,  Reference  Engine 
Oil  (OE/HDO-30) . 

c.  One  1-gallon  can  of  silicone-based  brake  fluid. 

The  factory-fill  engine  lubricant  will  be  forwarded  directly  from  the 
manufacturer  to  Clark  Equipment  Company,  FAMECE  Facility  (ATTN: 

CPT  S.  Miszkelvitz) ; Meadowbrook  and  Dewey  Streets-  Benton  Harbor,  MI  49022. 


It  is  estimated  the  lubricants  will  arrive  at  Clark  Equipment  by  30  Apr  77. 
The  remaining  materials  will  be  supplied  from  MERADCOM  to  the  equipment 
manufacturer  or  test  site,  as  applicable. 


TEST  PROCEDURE 

The  lubricant  testing  portion  of  DT  11  will  be  according  to  the  following 
procedure : 

1.  Factory  Fill  and  Equipment  Identif lea t ion : 

a.  Reference  Crade  M1L-L-2104C,  OE/HDO-IO  and  PE/HDQ-30:  The 
transmissions,  scraper,  hydraulic  systems,  and  crankcases  of  the  six  refer- 
enced vehicles  should  be  filled  initially  with  the  reference  grade  OE/HDO-IO 
and  OE/HIXl-30  fluids  in  accordance  with  the  equipment  lubrication  orders. 
After  fill,  these  vehicles  should  be  identified  by  spraying  the  filling 
ports  with  a suitably  colored  heat-resistant  paint  (e.g.,  bright  red). 

b.  Silicone-Based  Brake  Fluid:  Silicone  brake  fluid  should  be 
used  in  place  of  the  HBA  VVR  680  brake  fluid  in  these  six  vehicles.  General 
hygiene  should  be  practiced  when  handling  this  fluid.  Employees  should  be 
instructed  that  silicone  is  a contact  eye  irritant  and  that  hands  should 

be  washed  well  before  rubbing  eyes.  Spills  on  metal  surfaces  that  are  to 
be  spray  painted  can  be  cleaned  with  any  organic  type  solvent. 

2.  Field  Testing:  During  vehicle  testing,  compatibility  will  be 
monitored  through  used  oil  analysis.  Oil  sampling  will  be  conducted  on  a 
200-hour  interval  basis  either  by  extraction  of  a small  sample  (8  oz)  of 
fluid  from  the  filling  ports  by  vise  of  syringe  and  length  of  tubing  or  by 
collection  of  a large  sample  (32  oz)  during  engine  and  transmission  oil 
drain.  Oil  sampling  will  be  performed  by  personnel  from  the  Fuels  and 
Lubricants  Division,  Energy  and  Water  Resources  Laboratory,  MERADCOM; 
however,  drain  sample  collection  by  maintenance  personnel  may  be  required 
if  drain  intervals  are  irregular.  If  such  assistance  is  required,  labeled 
32-oz  sample  bottles  will  be  supplied  by  this  Laboratory. 

a.  Hydraulic  fluid  samples  will  be  taken  on  a 200-hour  interval 
basis  and  analyzed  for  water  content,  particulate  contamination,  viscosity 
changes,  and  other  tests  as  appropriate. 

b.  Transmission  and  crankcase  oils  will  be  analyzed  in  accordance 
with  the  table.  Additive  depletion  in  transmission  fluid  will 

be  monitored  by  infrared  techniques  and  other  tests  as  appropriate. 

e.  Sample  analysis  will  be  performed  by  MERADCOM. 


d.  Reports  of  findings  will  be  forwarded  to  the  Product  Manager's  » 

Office  for  FAMECE/llET. 


New  and  Used  Oil  Sampling  and  Analysis  Schedule 


Type  Sample 
and  Analysis* 

New 

Oil 

Hours  of 

F.ngine  Operation 

200 

400 

600 

800  1000 

Type  Sample** 

1 

0 

2 

2 2 

Viscosity 

t?  2 104’  F 

X 

X 

X 

X 

X X 

0 100°  F 

X 

X 

X 

X 

X X 

Total  Acid  No. 

X 

X 

X 

X 

X X 

Total  Base  No. 

X 

X 

X 

X 

X X 

Insolubles 

Pentane  (A  & B) 

X 

X 

X 

X 

X X 

Benzene  (A  & B) 

X 

X 

X 

X 

X X 

Grav  ity 

X 

X 

X 

Flash  Point 

X 

X 

X 

Pour  Point 

X 

X 

X 

Carbon  Residue 

X 

X 

X 

Sul  fated  Ash 

X 

X 

X 

Wear  Metals*** 

X 

X 

X 

X 

X X 

* 

Analyses  to  be  conducted  using  the  following  methods: 

Analysis 

Met  hod 

Viscosity  (210°  F and  100°  F) 

1)44  5 

Total  Acid  Number 

1)664 

Total  Base  Number 

02876 

Insolubles  (Pentane  and  Benzene) 

089 1 (Procedures  A and  B) 

Flash  Point 

092 

Pour  Point 

097 

Carbon  Residue 

0524 

Sul  fated  Ash 

1)872 

Wear  Metals 

Atomic  Absorption 

** 

1 = 32-oz  sample;  2 « 8-o.-,  sample 

>v*>v 

Wear  metals  (Mo,  Pb,  Fe,  Al , and  Cu) 

H-2» 


3.  Information  to  be  Recorded:  The  following  information  should  be 
maintained  during  the  course  of  the  test  in  the  form  of  a test  diary: 

a.  Oil  Consumption:  Date,  hours,  miles,  and  quantity  added. 

b.  Engine  Maintenance:  Date,  action,  and  reason  (i.e.,  scheduled 
or  unscheduled) . 


c.  Changes  in  engine  power/per f ormance . 


FUEL  QUALITY 

If  desired,  fuel  quality  evaluations  can  be  made  by  this  Laboratory. 


DEPARTMENT  OF  THE  ARMY 

US  AKMY  MOBILITY  EQUIPMENT  RCSEAHCH  ft:  DEVELOPMENT  COMMAND 
IOHT  BELVOIB.  VIRGINIA  22060 

j t w/4  3576 

DKDME-GL  22  February  1978 

MEMORANDUM  FOR  RECORD 

SUBJECT:  Inspection  of  Engine  and  Transmission  From  FAMECE/UET  Unit  No.  3 


On  15  and  16  February  1978,  Messrs.  Bowen  and  Kennedy  performed  the 
subject  inspection.  'Die  following  provides  data  covering  the  items 
inspected  and  summarizes  the  inspection  findings: 


ENGINE 

TRANSM I SS I ON 

Make : 

Cummins 

Make: 

Clark 

Model : 

VT555-C240 

Model : 

LT-7853 

Serial  No 

: 20160902 

Serial  No: 

6301  3T 

OPERATION 

Unit: 

FAMECE  Dumper 

Service : 

Long  and  short  haul. 

fully  loaded 

T i me : 

1250  Hrs 

INSPECTION 

(Engine^ 

Component  Description 


Pistons  General  Pistons  were  in  satisfactory  condition. 

Deposits  were  low.  All  rings  were  free 
and  in  good  condition.  All  skirts  showed 
moderate  scratching  resulting  from  dirt 
ingestion.  Also  the  thrust  side  of  # 7 and  ES 
pistons  showed  several  small  areas  of  light 
scuffing  which  could  have  resulted  from  the 
dirt  ingestion  or  from  cold  starting. 

Free  and  in  good  condition  (wear  ^ way  across 
2nd  compression) 

100%  coverage  with  l.C  to  MC  deposits 
100%  coverage  with  lacquer  deposits  (BL-AL) 

Lt  - Medium  scratching 


No.  1 Rings 

Land  2 
Land  3 
Skirt 
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DRDME-GL  22  February  1978 

SUBJECT:  Inspection  of  Engine  and  Transmission  From  FAMHCE/Uh'I  Unit  No.  3 


INSPECTION  (Fng  ine)_  (Cont'd) 


Component 

Descript  ion 

Pistons  General 

font ' d 

No.  2 

Rings 

Same  as  #1 

band  2 

Same  as  #1 

Land  3 

100%  coverage  with  AL-L4L  deposits 

Skirt 

Lt  - Med  scratching 

No.  3 

Rings 

Same  as  #1 

Land  2 

Same  as  #1 

Land  3 

40%  coverage  with  LC-MC,  60”c  coverage  with 
BL-AL  deposits 

Sk  i rt 

Same  at  #1 

No.  4 

Ri  ngs 

Same  as  #1 

Land  2 

Same  as  #1 

l and  3 

20%  coverage  with  LC,  50%  with  AL-LAL  and 

30%  clean 

Sk  i rt 

Same  as  #1 

No.  S 

Rings 

Same  as  #1 

Land  2 

Same  as  #1 

Land  3 

50%  coverage  with  AL-I.AL,  50%  clean 

Ski  rt 

Same  as  #1 

No.  6 

Rings 

Same  as  #1 

Land  2 

80%  coverage  with  LC-MC,  10%  BL-PBRL  and 

10%  clean 

Land  3 

15%  coverage  with  LC,  55% 

Skirt 

Same  as  #1 

No.  7 

Rings 

Same  as  #1 

Land  2 

90%  coverage  with  LC-MC,  10%  BL-PBRL 

Land  3 

30%  coverage  with  AL-LAL,  70%  clean 

Skirt 

Heavy  scratch,  several  small  areas  of 
light  scuffing 

No.  8 

Rings 

Same  as  #1 

Land  2 

Same  as  #1 

Land  3 

85%  coverage  with  LC-MC,  15%  with  BL-AL 

Skirt 

Heavy  scratching,  one  small  area  of  light 
scuffing 
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DkPME-GL 

SUBJECT: 


22  February  1978 

Inspection  of  Engine  and  Transmission  From  FAMKCE/UbT  Unit  No. 


3 


INSPECTION  (Engine)  (Cont'd) 


Component  Description 

Connecting  Rod  Bearings  All  bearings  showed  scratching  which  was 

heaviest  on  Nos.  3,  5,  6.  and  8 bearings. 

In  the  case  of  the  No.  6 bearing,  the 
scratching  was  into  copper  underlay  which 
showed  heavy  pitting.  Pitting  of  the 
overlay  was  observed  on  all  bearings. 

Main  Bearings  All  bearings  showed  heavy  scratching  and 

wiping.  The  copper  underlay  was  showing 
in  varying  degrees  on  all  bearings  and  the 
No.  4 (rear)  bearing  showed  a large 
quantity  of  the  copper  removed.  Also 
pitting  of  the  copper  underlay  was 
observed  on  the  No.  3 bearing. 


Cam  Shaft 

5 Va 1 ve  T ra  i n 

Appeared  normal  with  the  exception  of 
the  inner  bearing  journals,  which  showed  a 
significant  amount  of  scratching.  The  drive 
gear  appeared  normal,  as  did  other  valve 
train  components. 

Crankshaft 

All  main  and  connecting  rod  journals 
showed  scratching 

Thrust  Washer 

Showed  severe  scoring  with  large  quantities 
of  copper  from  main  bearings  embedded  in 
surface . 

Combust  ion 

Cli  amber 

Showed  very  low  deposits  (note  valves 
were  not  removed) . 

Other 

Oil  pan,  valve  covers,  valve  deck,  etc. 
were  free  of  sludge  and  lacquer  deposits. 

B-3'* 


k 


. - — . — . 


DRDME-GL  22  February  1978 

SUBJECT:  Inspection  of  Engine  and  Transmission  From  FAMECE/UET  Unit  No.  3 

INSPECTION  (T  ansmi ssionj_ 

The  transmission  appeared  to  be  in  satisfactory  condition.  Gears  and 
bearings  showed  normal  wear  patterns.  Although  clutch  packs  showed 
some  transfer  of  material  between  plates,  their  condition  was 
considered  acceptable. 


T.  BOWEN 


P.  KENNEDY 


DEPARTMENT  OF  THE  ARMY 

US  ARMY  MOBILITY  EQUIPMENT  RESEARCH  & DEVELOPMENT  COMMAND 
FORT  BELVOIR,  VIRGINIA  22060 


DRDME-GL 


3 February  1978 


MEMORANDUM  FOR  RECORD 

SUBJECT:  Fuel  Problems  Associated  with  FAMECE  Units 


t 


L 


1.  This  office  was  requested  on  numerous  occasions  to  evaluate  reported 
fuel-related  problems  that  surfaced  during  DT-II  testing  of  FAMECE  equip- 
ment at  Ft.  Belvoir,  North  Area.  In  view  of  the  involvement  of  these  on- 
site investigations,  a chronological  account  of  the  problems,  causitive 
factors,  and  corrective  actions/potential  solutions  are  presented. 


2.  In  late  August  1977,  fuel  filter  plugging  of  one  FAMECE  power  unit 
was  noted.  Subsequent  analysis  of  the  filter  unit  revealed  the  contam- 
inent  to  be  primarily  iron  oxide  with  trace  amounts  of  silica  and  diesel 
fuel  degradation  products.  This  problem  was  subsequently  traced  to  rusting 
of  the  interior  bare  metal  surface  of  the  fuel  storage  tank.  These  findings 
and  recommendations  were  provided  in  a DF  dated  28  September  1977  to 
DRCPM-FM-TM  (Incl  1).  The  corrective  action  involved  a change  in  the 

fuel  storage  location. 

3.  In  early  December  1977,  difficulties  were  reported  in  the  starting 
of  the  FAMECE  power  modules.  From  the  initial  reports  forwarded  to 
this  office,  it  was  inferred  that  fuel  "waxing"  or  "freezing"  was 
considered  to  be  suspect.  On  14  December  1977,  diesel  fuel  was  sampled 
from  the  fuel  tank  and  filter  units  of  one  of  the  effected  FAMECE  units 
(SCRAPER).  Since  "waxing"  had  been  mentioned,  our  initial  concern  was  to 
determine  whether  the  proper  diesel  fuel  was  being  used.  To  ascertain 
this,  the  fuel's  cloud  point  was  suspect.  More  specifically,  the  critical 
fuel  factor  affecting  low-temperature  operability  is  the  cloud  point.  This 
is  that  temperature  point  wherein  the  f irst  appearance  of  "wax"  occurs  as  a 
precipitate.  This  separated  wax  can  create  a variety  of  problems  such  as 
fuel  filter  plugging,  fuel  line  stoppage/restrictions,  etc.  The  presence 
of  trace  water  can  also  contribute  to  this  problem  when  operating  below  the 
freezing  point  of  water.  Federal  Specification  W-F-800b , "Fuel  Oil,  Diesel" 
provides  a temperature  percentile  guide  for  specifying  the  cloud  point  of 
diesel  fuel  to  be  procured.  For  December,  the  diesel  fuel  to  be  used/ 
procured  in  Virginia  should  have  a cloud  point  not  to  exceed  26°  F.  The 
sample  obtained  from  the  fuel  tank  of  the  malfunctioning  FAMECE  had  a 

cloud  point  oi  46°  F which  is  in  excess  of  the  specified  limit  indicating 
possible  fuel  waxing  problems.  This  suspect  fuel  was  traced  to  the  fuel 
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stored  in  No.  1 Storage  Tank,  as  this  fuel  had  a cloud  point  of  48°  _F.  It 
can  be  concluded  that  the  relatively  high  cloud  point  of  the  diesel  fuel 
being  used  was  contributing  to  engine  start-up  failures  as  a result  of 
the  unusually  cold  temperatures  being  experienced  in  early  December. 

4.  The  No.  1 Storage  Tank  has  a fill  capacity  of  10,000  gallons,  and  its 
construction  is  such  that  the  fill  pipe  end  is  fixed  at  3 inches  above 
the  tank  bottom.  At  the  time  of  sampling  mentioned  above,  2000  gallons 
of  diesel  fuel  remained  in  this  tank.  On  14  December  however,  a delivery 
of  8000  gallons  of  diesel  fuel  was  received  and  introduced  into  No.  1 
Storage  Tank.  Subsequent  analysis  of  the  co-mingled  fuel  in  No.  1 Storage 
Tank  revealed  the  diesel  fuel  to  have  a cloud  point  of  64°  F.  This  relatively 
high  cloud  point  obviously  was  suspect  relative  to  the  limitation  imposed 
under  VV-F-800b  for  December  (cloud  point  should  not  exceed  26°  F) . To 
ascertain  whether  fuel  contamination,  comingled  product,  etc.,  had  occurred. 
Ft.  Belvoir  Quality  Assurance  Program  which  provides  for  procurement 

product  monitoring  became  involved.  This  program  involves  sampling  of 
diesel  fuel  from  delivery  trucks  prior  to  or  during  dispensing  into 
holding  tanks.  The  samples  are  subsequently  forwarded  to  New  Cumberland 
Army  Depot,  Petroleum  Field  Office  (East)  for  analysis  in  conformance  to 
specification  requirements.  Fuel  samples  (Nos.  3958-78  and  3959-78) 
obtained  from  the  14  November  1977  and  14  December  1977  deliveries  to 
No.  1 Storage  Tank  which  had  been  forwarded  to  New  Cumberland  Army  Depot 
were  reported  to  be  in  accordance  with  the  limits  required  under  W-F-800b, 
(Incl  2).  Since  their  findings  indicated  that  specification  fuel  was 
delivered  in  November  and  December,  a possible  explanation  as  to  the  wide 
discrepancies  in  Cloud  Point  may  be  related  to  water  adsorption  or  other 
heavier  product  contamination  remaining  in  the  fuel  system.  The  water 
contamination  could  have  been  attributed  to  the  1/2  to  1 inch  of  water 
bottoms  in  No.  1 Storage  Tank.  In  order  to  minimize  and/or  eliminate  this 
problem,  removal  of  water  bottoms  and  adequate  quality  surveillance  as 
specified  in  M1L-STD-HDBK-200  E was  and  is  recommended. 

5.  In  late  December  and  early  January  1978,  field  personnel  attempted 
to  remove  water  in  the  fuel  system  by  the  non-authorized  procedure  of 
adding  alcohol  to  scavenge  (eliminate)  separated  water  in  fuel  tanks. 

Samples  of  suspect  diesel  fuel  forwarded  to  this  office  were  characterized 
as  having  two  discrete  phases;  namely,  alcohol  and  diesel  fuel  which  is 
typical  of  alcohol-petroleum  fuel  mixtures  where  moisture  is  present.  Upon 
receipt  of  these  samples,  FAMECE/UET  personnel  were  subsequently  advised  as 
to  the  proper  "diesel  fuel  anti-icer"  specified  in  TM  9-207/TO  3b-l-40 
"OPERATION  AND  MAINTENANCE  OF  ORDNANCE  MATERIEL  IN  COLD  WEATHER,"  which 
states  (under  paragraph  l-31d(2)a)  the  following: 

"Add  Inhibitor,  Icing,  Fuel  System  (MIL-l-2768b)  to  diesel 

fuel  at  the  ratio  of  1 pint  of  additive  to  40  gallons 
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of  fuel  at  the  time  of  refueling.  Fuel  filters  must  be 
drained  immediately  after  operation  to  remove  additive- 
water  mixtures  from  the  bottom  of  the  filters." 

This  inhibitor,  referred  to  as  FSII  which  is  essentially  ethylene  glycol 
monomethyl  ether,  is  presently  under  requisition  for  use  in  the  remainder 
of  the  FAMECE  DT-I1  testing  program. 

6.  On  13  January  1978,  the  DUMPER  Power  Section  experienced  a noticeable 
power  loss  which  was  traced  to  plugging  of  the  main  (primary)  fuel  filter. 
Subsequent  aalysis  of  the  contaminant  indicated  it  to  be  principally  iron 
oxide.  The  most  probable  cause  of  this  contamination  would  be  a result  of 
rust  formation  occurring  in  the  vehicular  fuel  tank  or  the  fuel  trucker 
assigned  to  the  North  Area. 

7.  A sample  of  diesel  fuel  was  obtained  from  the  truck  delivery  to  No.  1 
Storage  Tank  on  23  January  1978.  Subsequent  analysis  revealed  this 
delivery  lot  of  product  has  a cloud  point  of  24°  F which  met  the  specification 
requirement  of  VV-F-800b  (a  24°  F maximum  cloud  point  limit  is  required  for 
the  month  of  January).  This  inferred  the  previous  problems  to  have  been 
caused  by  contamination  existing  in  No.  1 Storage  Tank.  In  view  of  our 

RDTE  responsibility  in  fuel  decontamination,  this  office  suggested  a fuel 
separator  be  used  and,  subsequently,  offered  an  available  unit  for  property 
transfer  to  the  North  Area. 

8.  A series  of  diesel  fuel  samples  were  delivered  to  this  office  on 
27  January  1978.  These  represented  the  first  vehicular  fuel  samples 
after  the  January  delivery.  Subsequent  analysis  of  these  samples  revealed 
a gradual  improvement  in  fuel  quality;  however,  it  was  noted  that  fuel- 
alcohol  contamination,  water  contamination,  and  rust  continue  to  remain 

as  an  impairment  to  satisfactory  fuel  system  performance.  A summary 
listing  of  all  fuel  sample  analysis,  sampling  dates,  observations,  etc. 
completed  thus  far  is  provided  for  your  review  in  Incl  3.  If 
further  operational  difficulties  with  FAMECE  fuel  system  occur  or  if  these 
units  are  to  undergo  future  testing  at  other  locations,  draining  and 
flushing  of  fuel  tanks  is  strongly  recommended. 


3 Incl 
as 


(signed) 

PAUL  J.  KENNEDY 
Chemist 

Fuels  & Lubricants  Division 
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Fuel  Filter  Sludge  in  FAMECE  Power  Unit 


FAMECE/UET  C,  Fuels  & Lubricants  28  Sep  77 

DRCPM-FM-TM  (Mr.  H.  Mayo)  Kennedy/cc/44595 


1.  Reference  is  made  to  the  fuel  filter  sludge  sample  collected  on 
22  Aug  77  as  part  of  the  oil  analysis  program. 

2.  This  sludge  consisted  of  59%  Iron  Oxide  and  1.5%  Silica  and  contained 
only  minimal  amounts  of  fuel  deterioration  products.  Further  information 
on  the  chemical  composition  of  this  material  can  be  found  in  the  attached 
report  of  chemical  and  analysis. 

3.  Discussion  with  field  personnel  indicated  that  this  problem  surfaced 
after  addition  of  new  fuel  to  an  underground  storage  tank.  The  chemical 
analysis  indicates  that  the  source  of  the  sludge  was  the  result  of  the 
mixing  of  tank  corrosion  products  with  the  fuel  oil. 

4.  Remedial  action  at  the  north  area  in  response  to  this  problem  involved 
use  of  a fuel  vehicle  for  distribution  of  fuel  and  conversion  of  the 
underground  storage  tank  to  gasoline.  This  corrective  action  has  eliminated 
the  fuel  sludge  problem. 

5.  If  reuse  of  the  original  underground  storage  tank  is  planned,  then 
installation  of  a fuel  filter  on  the  pump  should  be  considered.  Alternately, 
a significant  reduction  of  sludge  levels  could  be  achieved  by  allowing 
approximately  two  days  for  particulate  matter  to  settle  out  of  the  fuel 
after  agitation. 


l 


(signed) 

MAURICE  E.  LEPERA 

Chief,  Fuels  and  Lubricants  Division 


U.S.  ARMY  FUELS  AND  LUBRICANTS  RESEARCH  LABORATORY 
8500  CULEBRA  ROAD-P.O. DRAWER  28510 
SAN  ANTONIO,  TEXAS  78284 


File:  B-3 

USAFLRL  9 September  1977 

Comma nde r 

U.S.  Army  Mobility  Equipment 
Research  s.  Development  Command 
Attn:  DRDMK-GL , Messrs.  M.E.  LePera 

and  Paul  Kennedy 
Ft.  Belvoir,  VA  22060 

Re:  Laboratory  Report  of  Analyses  for  Sludge  from  FAMECE 

Vehicle  Fuel  Filter. 

Dear  Sir: 


1.  The  fuel  filter  sludge  sample,  coded  AL-7075-X  (received 
6 September  1977,  from  your  facility)  was  pentane  washed, 
air  and  210°  F oven  dryed.  Only  0.4%  of  the  dry  sample 
was  soluble  in  BAM.  1R  #1286  for  the  dry  sample  and 

IR  #1284  for  the  BAM  soluble  portion  of  the  sample  are 
attached.  Very  little  organic  fuel  deterioration  products 
were  present  in  the  dry  sample.  No  evidence  of  micro- 
biological debris  was  apparent.  The  XRF  data  for  the  dry 
AL-7075-X  sample  gave  0.4%  Si,  0.2%  S,  and  41%  Fe. 

2.  The  data  in  item  (1)  suggest  that  the  filter  sludge  (a 
representative  sample  of  dry  AL-7075-X  is  enclosed)  is 
primarily  rust  due  to  fuel  tank  corrosion. 

3.  It  is  suggested  that  additional  filters  be  obtained  and 
placed  in  individual  one-gallon  cans  for  shipment  to 
AFLRL . Inspection  of  the  fuel  tank(s)  for  evidence  of 
corrosion  is  also  requested  (to  include  photographic 
documentation) . 

4.  Further  details  or  assistance  will  be  provided  as 
requested . 

Very  truly  yours, 

R.D.  Qui Ilian,  Jr. 

Director 

(signed) 

Leo  L.  Stavinoha 

Sr.  Research  Chemist 

RDU/LLS/rr 

Attachment  to  incl  1 
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DEPARTMENT  OF  THE  ARMY 

US  ARMY  GENERAL  MATERIEL  AND  PETROLEUM  ACTIVITY 
PETROLEUM  FIELD  OFFICE  (EAST) 

NEW  CUMBERLAND  ARMY  DEPOT,  NEW  CUMBERLAND,  PA  17070 

10  January  1978 

STSGP-PE 

SUBJECT:  Quality  Surveillance  Test  Results 
Ft.  Belvoir 

USA  Mobility  Equip  Research  MF:  MERADCOM  Testing  Area 

and  Devel  Center  Ft.  Belvoir 

Whse  335 

Alexandria,  VA  22314 


1.  Laboratory  analysis  of  petroleum  sample  forwarded  by  your  installation 
indicates : 

a.  Product  meets  specification  requirements  for  tests  performed. 

b.  Product  deviates  slightly  from  specification  requirements 

but  is  considered  suitable  for  use. 

c.  Product  does  not  meet  specification  requirements.  See  remarks. 

2.  Sample  information: 

a.  Product:  F.O.  Diesel,  DF2 

b.  Item  Number:  1035-34 

c.  Lab  Number:  1969  1970 

d.  Sample  Number:  3958-78  3959-78 

e.  Lead  Content  (grams  per  gallon): 

f.  % Sulfur: 

g.  % Sulfur  permitted  by  contract  specification: 

3.  Remarks:  . 

* 3958-78  - Diesel  Fuel  Sampled  14  Nov  1977  , 

* 3959-78  - Diesel  Fuel  Sampled  14  Dec  1977 

CF:  HQDA  (DAEN-FEU)  GEORGE  R.  MARTELLO 

Post  Engineer  Chief,  Petroleum  Field  Office  (East) 

(Incl  2) 

STSGP-PE  FL  716  (Revised) 

27  Jun  77 
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Throttle  stuck  in  high  idle  Jam  nut  on  throttle  linkage  Add  locknut 

loosens  under  vibration, 
allowing  linkage  to  get  out 
of  adjustment 
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Operator's  foot  slips  off  Oil  leaking  from  steering  Problem  corrected  (retrofit  seal 

brake  pedal  valve  (defective  seal)  kit  installed) 
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inadvertently  shifts  rear  appropriate  corrections 

wheels  into  reverse  while 
power  section  is  travelling 
forward 
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APPENDIX  F 


REFERENCED  MATERIAL 

• Revised  Department  of  the  Army  Approved  Materiel  Need  MN(ED)(QMR) 
for  the  Family  of  Military  Engineer  Construction  Equipment  (CARDS), 
para  639g(2),  Jan  75. 

• Initial  Independent  Evaluation  Plan  for  DT-II  of  the  Family  of 
Military  Engineer  Construction  Equipment  (FAMECE)  by  AMSAA,  Sep  76. 

• Test  Design  Plan  DT-II  for  the  Family  of  Military  Engineer 
Construction  Equipment  (FAMECE)  by  AMSAA,  Jan  77. 

• AR  71-3,  "User  Testing,"  15  Nov  76. 

• AR  70-10,  "Test  and  Evaluation  During  Development  and  Acquisition 
of  Materiel,"  29  Aug  75. 

• AR  70-38,  "Research,  Development,  Test  and  Evaluation  of  Materiel 
for  Extreme  Climatic  Conditions,"  5 Me-.  69. 

• AR  385-16,  "System  Safety,"  22  Sep  72. 

• AR  702-3,  "Army  Materiel  Reliability,  Availability,  and 
Maintainability  (RAM),"  15  Nov  76. 

• DARCOM  PAM  706-134",  "Engineering  Design,  Handbook,  Maintainability 
Guide  for  Design,"  Jul  70. 

• MIL-G-804H,  "Grader,  Heavy,  Road,  Motorized,  Diesel-Engine- 
Driven,"  16  Feb  72. 

• MIL-T-3044D(ME) , "Trucks,  Dump;  Off-Road,  Diesel.  20-  to  50-Ton 
Payload,"  24  Jul  69. 

• MIL-C-28663,  "Compactor,  Self-Propelled,  Embankment,  Commercial 
(Roller,  Segmented,  Motorized,  with  Leveling  Blade)." 
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• M1L-H-46855,  "Human  Engineering  Requirements  for  Military 
Systems,  Equipment  and  Facilities." 

• MIL-S-52034B,  "Scraper,  Earthmoving,  Towed,  Hydraulic-Operated, 
7*j-Cubic  Yard,  Air-Droppable,"  24  Sep  65. 

• MIL-T-52770B,  "Tractor,  Full-Tracked,  Low-Speed,  Diesel-Engine- 
Driven,  Medium,  with  Hydraulic  Scraper  Controls,"  6 dun  69. 

• MII.-G-52416A,  "Grader,  Road,  Motorized,  Air-Droppable,  Diesel- 
Engine-Dr  iven,"  23  Sep  71. 

• M1L-R-52449A,  "Bulldozers,  Earthmov i : Hydraulically-Operated 
for  Pneumatic-Tired  Tractors,"  25  Jan  72. 

• Mll.-G- 52484 , "Graders,  Road,  Motorized,  Air-Droppable  and 
Hel  icopter-Transportablo,  Diesel-Kngine-Driven,"  21  Jan  66. 

• MII.-D-52885 (ME) , "Distributor,  Water,  Semitrailer-Mounted, 
6000-Gallon,  Commercial  Construction  Equipment  (CCE),"  27  Aug  75. 

• MIL-l.-52496A(ME) , "Loader,  Scoop-Type,  Rubber-Tired,  Diesel- 
Engine-Driven,  Air-Droppable  and  Hel icopter-Transportablo ,"  7 Aug  68. 

• MIL-STD-448A,  "Test  Methods  tor  Construction  and  Industrial 
Machinery,"  21  Jan  75. 

• MIL-STD-882,  "System  Safety  Program  for  Systems  and  Associated 
Subsystems  and  Equipment;  Requirements  for,"  15  Jut  6ll . 

• MIL-STD-1472A,  "Human  Engineering  Requirements  for  Military 
Systems,  Equipment,  and  Facilities." 

• M ll.-STD- l 474 (Ml ) , "Noise  Limits  for  Army  Material,"  1 Mar  73. 

• USAHEl.  Standard  S-6-66,  "Design  Standards  for  Wheeled 
Military  Systems,  Equipment,  and  Facilities." 

• MTP/TOP  9- 1-084 , "Bulldozer,  Earthmoving." 


• MTP/TOP  9-3-087,  "Scrapers,  Earthmoving." 

• MTP/TOP  9-2-124/9-3-124,  "Road  Graders." 

• MTP/TOP  9-3-126,  Rollers,  Motorized  or  Towed." 

• MTP/TOP  1-2-500,  "Transportability." 

• TOP/MTP  2-2-502,  "Inspection  (Automotive),"  23  Mar  66. 

• TOP/MTP  2-2-508,  "Safety  Evaluation  (Automotive),"  27  Oct  65. 

• TOP/MTP  2-2-614,  " 

• TOP/MTP  2-2-701,  "Fuels  and  Lubricants,"  17  Sep  70. 

• TOP/MTP  2-2-802,  "Storage." 

• SAE  J173,  "Specification  Definitions  - Dozers,"  May  70. 

• SAE  J7282,  "Nomenclature  - Scrapers,"  Nov  71. 

• SAE  J732c,  "Specification  Definitions  - Front-End  Loader,"  Jun  75. 

• SAE  J7412,  "Capacity  Ratings  - Scraper,  Dumper  Body,  and  Trailer 

Body,"  Jun  75. 

• SAE  J742b,  "Front-End  Loader  Bucket  Rating,"  Jun  75. 

• SAE  J870,  "Nomenclature  - Motor  Grader,"  Jun  63. 

• S.  L.  Miszklevitz  Report  No.  APG-MT-4528,  "Final  Report  of 
Development  Test  (DT)  I and  Support  of  Operational  Test  (OT)  I for 
Family  of  Military  Engineer  Construction  Equipment  (FAMECE)  (Engineering 
Phase),"  TECOM  Project  No.  7-EG-785-MCE-001 , Sep  74. 
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A a 

AAR 

ACE 

AMSAA 

APG 

ASTM 

ATE 

BOC 

CEC 

DA 

DARCOM 

DEP 

DP 

DS 

DSMA 

DT 

DTP 

EDT 

EPR 

FAMECE 

FFR 

FSD 

FSMA 

GS 

GVW 

HFE 

IER 

MAC 

MAV 

MCE 


ABBREVIATIONS 

Achieved  Avai labi 1 ity 

Association  of  American  Railroads 

Army  Aviation  Communicat ions  Electronics  Board 

Army  Materiel  Systems  Analysis  Agency 

Aberdeen  Proving  Ground 

American  Society  for  Testing  Materials 

Automatic  Test  Equipment 

Best  Operational  Capability 

Clark  Equipment  Company 

Department  of  the  Army 

Materiel  Development  and  Readiness  Command 
Draft  Equipment  Publication 
Development  Plan 
Direct  Support 

Duration  of  Scheduled  Maintenance  Actions 

Development  Test 

Detail  Test  Plan 

Engineer  Design  Test 

Equipment  Performance  Report 

Family  of  Military  Engineer  Construction  Equipment 
FAMECE  Failure  Report 
Full-Scale  Development 

Frequency  of  Scheduled  Maintenance  Actions 

General  Support 

Gross  Vehicle  Weight 

Human  Factors  Engineering 

Independent  Evaluation  Report 

Maintenance  Allocation  Chart 

Minimum  Acceptable  Value 

Mission  Criticality  Factors 


M Maximum  Time  to  Repair 

max 

ct 


MN 

MOS 

MR 

MTBF 

MTL 

MTSP 

MTTR 

NARADCOM 

NET 

NSN 

OEM 

OT 

PM 

PMCS 

PQT-C 

PQT-G 

PS 

QMR 

RAM-D 

RDAT 

RDT&E 

ROPS 

R/M 

RPSTL 

SAE 

S.D. 

SF 

SIDTC 

ST 

TCM 

TDP 

TEA 


Materiel  Need 

Military  Occupational  Specialty 
Maintenance  Ratio 

C 

Mean  Time  Between  Failure 
Maintenance  Task  Log 
Maintenance  Test  Support  Package 
Mean  Time  to  Repair 

Natick  Research  and  Development  Command 

New  Equipment  Training 

National  Stock  Number 

On-Equipment  Material 

Operational  Test 

Project  Manager 

Preventive  Maintenance  Checks  and  Services 
Prototype  Qualification  Testing-Contractor 
Prototype  Qualification  Testing-Government 
Power  Section 

Qualified  Materiel  Requirement 

Reliability  Availability  Maintainability  Data 

Research  and  Development  Acceptance  Test 

Research,  Development,  Test  and  Evaluation 

Rollover  Protective  Structure 

Revolutions  per  Minute 

Repair  Parts  and  Special  Tools  List 

Society  of  Automotive  Engineers 

Smooth  Drum 

System  Failure 

Standby  Time 

Total  Active  Corrective  Maintenance  (Unscheduled) 
Test  Design  Plan 

Transportation  Engineering  Agency 
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TECOM 

Tost 

and  Evaluation  Command 

TIWC 

Tost 

Integration  Working  Croup 

TMDK 

Tost , 

Measurement,  and  Diagnostic  Equipment 

TOP 

Tos  t 

Operat ions  Procedure 

TOP/MTP 

Tost 

Operat ions  Procedure/Material 

Test  Procedure 

TPM 

Tot  a 1 

Active  Preventive  Maintenance 

(Schedu 1 ed) 

TRADOC 

Training  and  Doctrine  Command 

UAM 

Unscheduled  Active  Maintenance 

U ET 

Uni  vc 

rsal  Engineer  Tractor 

USAARENBD 

U.S. 

Army  Armor  Engineer  Board 

USACEBD 

ll.S. 

Army  Communications  Electronic 

s Command 

U SAHEL 

U.S. 

Army  Human  Engineering  Laboratory 

ws 

Work 

Sect  ion 
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APPENDIX  H 


DISTRIBUTION  LIST 


Number  of  Copies 


Addressee 


Department  of  Defense 


Director,  Technical  Information 
Defense  Advanced  Research  Projects  Agency 
1400  Wilson  Blvd 
Arlington,  VA  22209 


Defense  Documentation  Center 
Cameron  Station 
Alexandria,  VA  22314 


Department  of  the  Arnvy 

Commander,  HQ  TRADOC 

ATTN : ATEN-ME 

Fort  Monroe,  VA  23651 


HQDA  (DAMA-AOA-M) 
Washington,  DC  20310 


HQDA  (DALO-TS  M-P) 
Washington,  DC  20310 


HQDA  (DAEN-RDL) 
Washington,  DC  20314 


HQDA  (DAEN-MCE-D) 
Washington,  DC  20314 


Chief,  Engineer  Division 
DC SLOG 

ATTN:  AFKC-LG-E  HQ  Sixth  US  Army 
Presidio  of  San  Francisco,  CA  94129 


Commander 

US  Army  Aberdeen  P: jving  Ground 
ATTN:  STEAP-MT-U  (GE  Branch) 
Aberdeen  Proving  Ground,  MD  21005 


i 


Number  of  Copies 
2 


Addressee 

Director 

US  Army  Materiel  Systems  Analysis  Agency 
ATTN:  DRXSY-CM 
DRXSY-RE 

Aberdeen  Proving  Ground,  MD  21005 


Director 

US  Army  Engineer  Waterways  Experiment  Station 
ATTN:  Chief,  Library  Branch 

Technical  Information  Center 
Vicksburg,  MS  39180 


Engineer  Representative 

US  Army  Standardization  Croup,  UK 

Box  65 

FPO  New  York  09510 


President 

US  Army  Airborne,  Communications  & Electronics 
ATTN:  STF.BF-ABTD 

Fort  Bragg,  NC  28307 


President 

US  Army  Armor  and  Engineer  Board 
ATTN:  ATZK-AE-TD-E 
Fort  Knox,  KY  40121 


Director 

US  Army  TRADOC  Systems  Analysis  Activity 
ATTN:  ATAA-SL  (Tech  Lib) 

White  Sands  Missile  Range,  NM  88002 


HQ,  USAF.UR  f.  Seventh  Army 
Deputy  Chief  of  Staff,  Engineer 
ATTN:  AFAF.N-MT-P 
APO  New  York  09403 


HQ,  USA EUR  6 Seventh  Army 
Deputy  Chief  of  Staff,  Operations 
ATTN:  AFACC-FMD 
APO  New  York  09403 
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Number  of  Copies 


Addressee 


1 Commander 

US  Army  Logistic  Evaluation  Agency 
ATTN:  DALO-LEI 
New  Cumberland  Army  Depot 
New  Cumberland,  PA  17070 


2 Commander 

US  Army  Maintenance  Management  Center 
ATTN:  DRXMD-MS 
DRXMD-EI 
DRXCT-TP 

Lexington,  KY  40507 


1 Commander 

1 US  Army  Training  and  Doctrine  Command 

ATTN:  ATDC-TM 
ATDC-PM 

Fort  Monroe,  VA  2J651 


Commander  US  Army  Combined  Arms  Combat  Development 
Activi ty 
ATTN:  ATCA-CS-P 
Fort  Leavenworth,  KS  66027 


1 Commander 

US  Army  Logistic  Center 
ATTN:  ATCL-MS 
Fort  Lee,  VA  23801 
(For  Logistic  Systems) 


1 Director,  Development  Center 

Marine  Corps  Development  and 
Education  Command 
Quantico,  VA  22134 

1 Commander 

US  Army  Human  Engineering  Laboratory 
ATTN:  DRXHE-HEA 

Aberdeen  Proving  Ground,  MD  21005 


Number  of  Conies 


Addressee 


l Commander 

US  Army  Cold  Regions  Test  Center 
ATTN:  STECR-OP-PL 
APO  Seattle,  WA  98733 


1 Commander 

US  Army  Tropic  Test  Center 
ATTN:  STFTC-TD-0 
P.0.  Drawer  ‘>42 
Port  Clayton,  Canal  Zone 


1 Commander 

US  Army  Materiel  Development  and 
1 Readiness  Command 

ATTN:  DRCDF-D 
DRCSF 
DDR-  E 

‘>001  Eisenhower  Avenue 
Alexandria,  VA  22333 


1 President 

US  Army  Airborne  Communications 
and  Electronics  Board 
ATTN:  ATXA- BD-ACT 
Fort  Bragg,  NC  23807 


1 Commander 

US  Army  Test  and  Evaluation  Command 
ATTN:  STEYP-MTM 
Yuma  Proving  Ground 
Yuma,  AZ  85364 


1 


HQDA 

ATTN:  DAMA-CSS 
Washington,  DC  20310 


1 HQDA  (DAhO-SMM-E) 

Washington,  DC  20310 


1 11QDA  (DALO) 

Washington,  DC  20310 
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Addressee 


Number  of  Copies 
1 


1 


HQDA  (DAMO-FD) 
Washington,  DC  20310 


HQDA  (DA1G-SD)  (Maj  and  Designated  non-maj 
systems) 

Washington,  DC  20310 


HQDA  (DAPC-MSP-PM) 
Alexandria,  VA  22331 


Commander 

Military  Traific  Management  Command 
Transportation  Engineering  Agency 
ATTN:  MIT-TRG 
Newport  News,  VA  2360b 


Commander 

OS  Army  Operational  Test  and 
Kva 1 ua  t i on  Agency 
ATTN:  CSTE-POP 

CSTF.-TM-AR 
CSTE-TEE-C 
5600  Columbia  Pike 
Falls  Church,  VA  22041 


Commandant 

US  Army  Engineer  School 

ATTN:  ATSE-CDT 

Fort  Bel voir,  VA  22060 


Commander 

OS  Army  Test  and  Evaluation  Command 
ATTN:  DRSTE-AR 

Aberdeen  Proving  Ground,  MD  21005 


Commander 

OS  Army  Tank -Automotive  Materiel 
Readiness  Command 
ATTN:  DRSTA-QKC 
Warren,  Ml  48090 
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Addressee 


MKRADCOM 

Commander,  DRDMF.-Z 
Technical  Director,  DRDME-ZT 
Assoc  Tech  Dir/R&D,  DRDMF-ZN 
Assoc  Tech  Dir/F.ngrg  & Acq,  DRDMK-ZE 
Spec  Asst/Mat  1 Asmt,  DRDME-ZG 
Spec  Asst/Tech  Asmt,  DRDMF-ZK 

CIRCULATE  J 


Chief,  Ctrmine  Lab,  DRDMF-N 

Chief,  F.ngy  & Wtr  Res  Lab,  DRDME-G  t 

Chief,  Elec  IV r Lab,  DRDMF-F 

Chief,  Cam  & Topo  Lab,  DRDMF-R 

Chief,  Mar  & Br  Lab,  DRDME-M 

Chief,  Ctr  Intrus  Lab,  DRDMF-X 

Chief,  Matl  Tech  Lab,  DRDMF-V 

Director,  Product  A&T  Directorate,  DRDMF-T 

C1RCU1.ATF 


Mech  & Constr  Fqpt  Lab,  DRDME-H 
Constr  Fqpt  Fngrg  Div,  DRDMF-HK 
Tech  Reports  Ofc,  DRDME-WP 

Security  Ofc  (for  liaison  officers),  DRDME-S 

Tech  Library,  DRDMF-WC 

Plans,  Programs  & Ops  Ofc,  DRDMF-U 

Pub  Affairs  Ofc,  DRDME-I 

PM.  FAMF.CE/UF.T,  DRCPM-FM 

Ofc  of  Chief  Counsel,  DRDMF-L 

Depa rtment  of  the  Navy 

Commander,  Naval  Facilities  Engineering  Command 
Department  of  the  Navy 
ATTN:  Code  032 -A 
200  Stovall  St. 

Alexandria,  VA  22332 
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